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Quality demands nothing less than 


In aiming at quality in your bond, writing, envelope 
and cover papers, it’s wise to consider the important 
role played by colors. Such properties as level dyeing, 
minimum two-sidedness, good fastness, ease of han- 
dling, brightness of shade and uniform color value, 
all contribute to the quality of the finished product— 
and all are present in 


Proper application is important, too. Here your 
Cyanamid representative can be of valuable assistance. 
He can help insure best results with the finest colors 
for the purpose... CyANAMID CoLors. Call him in 


and see. 


NORTH AMERICAN CYANAMID LIMITED 
DYESTUFF DEPARTMENT 
MONTREAL AND TORONTO 


IR TODAY AND TOMORRO 


a sound investmen 


FOUR MORE Imperial winders will go into news 
roll production before the year ends. The Imperial is 
designed and manufactured to stay well ahead of 
today’s fastest paper machines...with reserve ca- 
pacity for handling tomorrow’s increased demands. 

As an investment these four winders represent only 
a small fraction of the total cost of the mills which 
they will serve. Yet their performance and reliability 
will be the final measure of each mill’s efficiency. Be- 
cause of the relatively small cost of the winder, more 
and more mills realize that it pays to install the finest 
winder ever built. The Imperial is a sound investment 
...unmatched for speed, dependability, operating 
ease and quality of output. 


IT PAYS TO WIND UP WITH A Lz 
Brooklyn 1, N. Y. ZZ 


Cameron Machine Company ° 61 Poplar Street ° 


HIGH SPEED MILL-TYPE WINDER 


For high quality rolls, for low oper- 
ating cost, for dependable, trouble- 
free performance, and for speeds 
regarded heretofore as unattainable 
the sound investment is Cameron’s 
Imperial . . . custom-fitted to serve 
any paper machine, with advanced 
design features such as: 


Quick Set, Precision Slitters 


Automatic Riding Roll and 
Rewind Bearing Lifts 


Automatic Roll Ejector and 
Rewind Shaft Injector 


Simple, Centralized Controls 
Direct, Easy Threading 


Crohn Hak A isn 


SWEEPING NEW DESIGN PROGRAM 


Although introduced a relatively short time ago the 
Camachine Imperial already serves in leading mills 
on materials varying from lightweight fine papers to 


‘heavy board. In all cases the Imperial on-the-job has 


fulfilled every expectation... with ample capacity in 
reserve for future production increases. 


INVESTIGATE the complete story of the Im- 
perial as a sound investment. Let the facts show 
why the Imperial is the most productive, most 
adaptable and most durable mill-type slitter 
and winder you can own, 


NE 
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Planning for Posierity... | 


A Tree Farm is privately owned land dedicated to continuous growth of forest 
crops for commercial purposes. The words “Tree Farm” indicate that the owner 
has agreed to manage his forest lands according to sound forestry principles. 


Tree Farming, like other forms of crop raising, is a practical business. The 
Weyerhaeuser Timber Company established the first certified Tree Farm — 
the Clemons—in 1941 at Montesano, Washington. Thus began a nation-wide 
movement toward a continuous production of forest crops among private owners 
of forest lands. 


Weyerhaeuser Timber Company today has eleven Tree Farms under cultiva- 
tion. Adequately protected from fire, insects, disease, and destructive grazing, 
these Tree Farms insure a constant supply of pulpwood and other forest products. 

This Cellulose Age demands an uninterrupted source of raw material. 


Weyerhaeuser Timber Company has planned timber crops — for now, and for the 
future, assuring industry of a long-term never-ending supply of woodpulp. 
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ELECTRON PHOTOMICROGRAPHS (10,000X) compare normal size latex particles (left) approximately 0.25 micron (2500A) 
in diameter, with those of new, small-particle size CHEMIGUM LATEX, approximately 0.05 micron (500A) in diameter. 


Here’s what you'll gain 


with new, small particle size 


F you’re now using latex in impregnants, coatings, sizes, inks or adhesives, 

here are the advantages of changing to new, small particle size CHEMIGUM 
LATEX: Easier handling. Improved wetting and penetration. Better binding 
action. Greater resistance to discoloration. Lower costs. 


If you are not using latex in any of the many possible ways, here are some 
of the product improvements you can effect with new CHEMIGUM LATEX: 
Better feel and drape. Greater toughness. Higher edge tear. Higher internal 
tear. Added burst strength. Increased oil- and grease-resistance. 


The new CHEMIGUM LATEX is a nitrile rubber dispersion exhibiting the 
following properties: Medium or high acrylonitrile content. A particle size 
about one-fifth that of regular latex—about 20% smaller than other small- 
particle latices. Low specific gravity. Very high mechanical 
stability. Low viscosity and surface tension. Ready precipi- 
tation by ions. 


Details on how the new, small particle size CHEMIGUM LATEX 


can help your product are yours by writing: DIVISION 
Goodyear, Chemical Division, Akron 16, Ohio 


Chemigum, Pliobond, Pliofiex, Pliolite, Plio-Tuf, Pliovic ~T.M.’s The Goodyear Tire & Rubber Company, Akron, Ohio 


The Finest Chemicals for Industry -CHEMIGUM + PLIOBOND + PLIOFLEX + PLIOLITE * PLIO-TUF * PLIOVIC * WING-CHEMICALS 


TAPPI - October 1955 Vol. 38, No. 10 25K 


VISCONTR OL is the word for the proved, patented process by 


which Huber is able to produce water-washed clays with uniform flow 
characteristics, regardless of day-to-day variations at the mine. 
VISCONTROL significantly reduces the problems ordinarily associated 
with modern high-speed coating operations. 


ale 
oN 


This uniformity could be achieved in a limited fashion only through 

the careful selection of desirable crude clays. This process is difficult and 
costly due to wide differences in the flow characteristics of crude clays 
even from the same deposit; hence, J. M. Huber decided to concentrate 
its research efforts for clay uniformity on methods that would alter 

the inherent properties of the crude clay. 


To you, VISCONTROL means month-in-and-month-out faster, more 
uniform production with fewer machine and formulation adjustments, 
fewer quality control problems—and, a finished sheet that tends to 
yield a better printing job—today, tomorrow, and next year. 


Only Huber oft:s you a total combined range of prod- 
ucts, methods and services without duplicate in the industry. Only 
Huber offers you a total range of production methods: spray, drum, 
rotary, tunnel dried; plus a total range of clays: airfloated, waterwashed, 
filler, coating; plus vast storage facilities and selective mining; plus 
unique quality controls such as the patented pugmill process that gives 
you VISCONTROL—patented viscosity control. No other clay producer 
in America matches Huber as the industry’s prime source of supply 
...Be sure of your order—Order Huber. 


J. M. HUBER CORPORATION 
100 PARK AVENUE, NEW YORK 17,N.Y. 
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announcing 


DOW 


polyethylene 


Now Dow offers you a 
high-quality polyethylene, 
plus this outstanding 


customer service 
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You get more than a high-quality polyethylene when you 


buy from Dow... you get the finest technical assistance, too. 


Dow offers you assistance backed by long experience in 
the coatings field . . . technical know-how which helped 
develop outstanding coatings based on Dow latex and 
resins. Important data on operating techniques with 
Dow polyethylene are available. In addition, Dow has 
an extruder laminator especially built for experimenta- 
tion with polyethylene. This machine will handle web 


widths up to 24” and can be used to coat your stock 


you can depend on DOW PLASTICS 
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with Dow polyethylene so you can prepare customer 
samples without setting up your own equipment. 


If you want an outstanding packaging material, poly- 
ethylene may be your answer. For a_ high-quality 
product plus the best technical service, be sure you use 
Dow polyethylene. For further information, contact 
your nearest Dow sales office or write, Plastics Dept. 
PO 524A, THE DOW CHEMICAL ComPANY, Midland, Mich. 
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Cook after Cook after Cook... 


Duplicated automatically at East Texas Pulp and Paper Co. 


ate East Texas Pulp and Paper Company’s new 300- 
ton mill at Evadale, Texas, uses Taylor Instruments 
to control their completely automatic processes. Pictured 
above are four digesters each of which has a separate 
set of automatic controls, panel-mounted for convenience. 
The control system provides: 


1. An adjustable rate of rise of pressure and temperature. 

2. A positive control of maximum cooking pressure. 

3. Control of relief or “‘gas-off’’ by venting air and other 
non-combustible gases. 

4. A method of blow back when necessary. 

5. A record of top and bottom digester temperatures to 
check efficiency of circulation and gas relief. 


All these functions are carried out automatically. To 
start the cooking cycle, the cook simply checks the 
steaming control set point and pushes the start button. 
This turns air on to the controllers, which relays air to 
the control valves as indicated by the instrument. The 
steaming controller maintains the proper steam valve 
position to achieve the desired rate of pressure rise. As 
the pressure comes up to the maximum value required, 
the steam valve ts throttled back and the digester pres- 
sure is held until the cook pushes the blow-valve button, 
to blow down the digester. 


The relief controller measures and maintains the tem- 
perature and pressure of the relief gases in definite rela- 
tionship to the saturated steam temperature-pressure 


8A 


curve by throttling the relief valve. An excess of pressure 
causes the controller to open the gas-off valve to relieve 
air pressure. 

This control system duplicates cook after cook with a 
minimum of attention from the operators. Adjustments 
of the cooking cycle can be made instantly merely by 
adjusting rate of rise and maximum pressure points. 

To find out more about “Instrumentation by Taylor’, 
call your Taylor Field Engineer, or write Taylor Instru- 
ment Companies, Rochester, N. Y., or Toronto, Canada. 


Instruments for indicating, recording and controlling, 
temperature, pressure, flow, liquid level, 
Speed, density, load and humidity. 


‘Taylor Instruments 


MEAN 


ACCURACY FIRST 


IN HOME AND INDUSTRY 
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How Celite increases opacity... 


and improves printing surface, too! 


L 
Many Leapinc paper 4 ‘f 
mills are getting greatly ~="% 
increased opacity by 
adding small quantities 
of Celite* diatomite powders to their furnish. At the 
same time they obtain better absorption qualities 
such as improved ink receptivity. 


A test run in your mill will quickly demonstrate 
how you may secure similar advantages. You will 
find that Celite has a highly porous structure and 
excellent suspension properties, resulting in high 
retention of the Celite and also of the hiding pigments. 
Celite increases sheet opacity more than any other 
common mineral filler. 


Saves $3 to $15 per ton of pulp 


Celite is even more effective, however, when used in 
combination with TiOz. It helps retain more TiO2 

in finished sheet, gives dry opacity and high brightness 
equal to that when TiOz is used alone. And since a 
substantial portion of costly TiO2 is replaced with 
lower-cost Celite, savings of $3 to $15 
result for every ton of pulp. 


1Y 
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\ To prove these advantages of Celite, a Johns- 
Manville Celite Engineer will gladly assist you 
/ in making trial runs in your mill. There is no 


Li 
Z charge for his services. Simply write Johns- 
A | Manville, Box 60, New York 16, N. Y. 


*Celite is Johns-Manville’s registered trade 
mark for its diatomaceous silica products. 


JOHNS -MANVILLE 


¥Y| Johns-Manville CELITE 722%3::5%." 


PRODUCTS 
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of PRODUCTION and PROFIT when you buy 
RICE BARTON Paper Making Machinery. 
The finest workmanship, the best of mate- 


rials and 118 years of designing and manu- 
facturing experience, combine to give you the 
BEST, when you buy Rice Barton. 


RB10-55 


RICE BARTON CORPORATION 


Worcester, Massachusetts 
Paper Machine Builders Since 1837 


West Coast Distributor: Ray Smythe +» + 501 Park Building * Portland, Oregon 
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The Dyno Broke Pulper 


Vie Cor 


CONTROL PANEL ; 
PHOTOELECTRIC CELL BROKE HOLE 


SHOWERS 


3 WAY 
SOLENOID OPERATED 
AIR VALVE 


TRIM HOLE 


i 
CONSISTENCY 
REGULATOR 


DILUTION VALVE 


STOCK PUMP 
GEAR REDUCER 


STOCK DISCHARGE 
UNIT 


LIQUID LEVEL TRANSMITTER 


SPLASHPROOF MOTOR 


H.... is an economical, automatic broke automatic controls insure uniform slurry. 
pulper for use under your paper machine Built for any size machine — designed to 
employing the unique Dynomizing principle fit your particular mill conditions. 


to defiber broke as it is made — no addi- 


tional operator required. Dependable, fully 


Further information or specific proposals qr 


upon request. 


pilin 


MASS. U.S.A. 


ggoanch " 
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PEBBLE LIME , ALUM— 
UNLOADING LINE 
CARS TO STORAGE 


like Buckeye Cellulose does 
with AIRVEYO 


Once again, the Airveyor goes into service in the pulp and paper 
industry—this time in the 25 million dollar plant of the Buckeye 
Cellulose Corporation, Foley, Florida, subsidiary of the Procter & 
Gamble Company. This thoroughly modern plant has a capacity 
of 300 tons of dissolving cellulose pulp per day. 


Incoming mill-supply chemicals are handled by two Airveyor 
conveying systems. One system unloads salt cake from box cars 
and delivers to a storage bin at rate of 10 tons an hour. The same 
system also conveys from a pulverizer discharge and delivers to a 
service bin in the recovery building. The second Airveyor unloads 
alum and pebble lime from either box or hopper-bottom cars and 
delivers to a storage bin at rate of eight tons an hour. 


The pulp and paper industry has learned by experience that 
Fuller Company is able to engineer and build equipment that will 
FULLER serve them for many years, at the lowest operating and maintenance 


COMPANY cost. This is attested to by the many satisfactory installations in 
GENERAL operation. Individual company purchases range from one to as 


many as twelve systems. 


You should get all of the facts on the Airveyor. This specialized | 
system, developed by Fuller, with many years of experience in | 
conveying with air, can save you many a dollar, day in and day out. 
Why not have a Fuller engineer make a study of your conveying 
problems—it will cost you nothing. 


Fuller FULLER COMPANY, Catasauqua, Penna. 
an GENERAL AMERICAN TRANSPORTATION CORPORATION SUBSIDIARY 


ce . pioneers in harnessing AIR Chicago + San Francisco + Los Angeles + Seattle + Birmingham 


You’re invited to visit Fuller at Booth 213 at the 
Chemical Show, Philadelphia, December 5-9 eae | 
1469 


DRY MATERIAL CONVEYING SYSTEMS AND COOLERS ... . PREHEATERS . . . . COMPRESSORS AND VACUUM PUMPS .. . . FEEDERS 
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improve printability 


WWHLOAG DUES Pr\gn 


improve printability with 


improve printability with 


improve printability with 


improve printability with 


improve printability with 


improve printability with 
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TEST PROVE 


for yourself 


and board to secure the precise surface char- 
acteristics you require. You get just-right surfaces 
for brilliant mottle-free high gloss, velvety semi- 
gloss, or clean, sharp flat fine-line and halftone 
printing. 


You use far less ink, yet produce brighter, 
clearer printing with improved uniformity, color 
yield and appearance. Ink films bond quickly and 
completely to the sheet, controlling costly and 
messy rub off or offsetting. You effect substantial 
ink savings. 


Versatile Kelco hydrophilic colloids provide 
uniformly dense and smooth printing surfaces, 
uniform ink acceptance, and a better surface for 
coating, waxing, and varnishing. 


Test prove for yourself high gloss, semi-gloss, 
or flat printing produced by use of these versatile 
Kelco hydrophilic colloids: Kelsize, Kelsize S, 
Kelgin, Kelgin LV, Kelgin XL. For full information 
about the measurable advantages you derive with 
the Kelgins and Kelsizes, write your nearest 
Kelco regional office 


KELSIZE® / KELSIZE S® / KELGIN® 
KELGIN LV® / KELGIN XL® 
products of 


KELCO COMPANY 


120 Broadway, New York 5, N Y 
20 N Wacker Drive, Chicago 6, III. 
530 W Sixth Street, Los Angeles 14, Calif. 


Cable Address: Kelcoalgin, New York 


OV | 


KErein 


KELSIZE or 
KELSIZE or 
KELSIZE or 
KELSIZE o- 
KELSIZE o- 
KELSIZE or 
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KELGIN 
KELGIN 
KELGIN 
KELGIN 
KELGIN 
KELGIN 
KELGIN 
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The Groundwood Economy 


J. L. RITCHIE 


More than a hun- 
dred years have passed since 
a German by the name of 
Keller first produced me- 
chanical wood pulp. Today, 
a full century later, 35% of 
the world’s wood pulp sup- 
ply is produced mechan- 
ically by processes that have 
evolved from Keller’s origi- 
nal idea. 

Over the years, three 
factors have been primarily 
responsible for the remark- 
able growth, not only of the 
mechanical wood pulp industry, but of the whole pulp 
and paper economy: (1) progress in wood utilization; 
(2) improvements in processing equipment and mate- 
rials, and in processing methods; and (3) improvements 
in merchandise and in merchandising techniques. 

Significantly, all of the papers scheduled for pres- 
entation at this Second Mechanical Pulping Conference 
fit neatly into one or another of these three categories. 
The formula for progress has not changed. 

There have been changes, however, in the methods 
for applying the formula. These meetings suggest a 
growing faith in the value of the conference technique. 
The technical man, to his credit, was among the first 
to acknowledge that he could not work effectively in a 
vacuum. Since the war, we have seen, in all lines, a 
healthy trend toward a freer world-wide exchange of 
knowledge and ideas. In this trend lies real hope for 
an acceleration of technical, economic, and_ social 
progress throughout the world. 

The scope of the program for this conference suggests 
that we are still a long way from exhausting the full 
potentialities of Keller’s basic century-old idea. I 
can assure you that I have neither the intention nor the 
capacity to exhaust them tonight. My instrument, 
as you know, is the telescope—not the microscope. My 
sole objective will be to try to bring into focus some of 
the basic industry trends, to take some measurements 
of the groundwood economy, and to examine the posi- 
tion of mechanical pulps in the over-all pulp and paper 
economy. 


J. L. Ritchie 


WOOD UTILIZATION 

Ever since wood became the primary raw material 
for papermaking, the pattern of growth in the domestic 
wood pulp industry has been pretty much dictated by 
the character of the existing wood supply. In general, 
growth rates have been greatest in those segments of 
the industry that have been most flexible in adjusting 
their operations to the types of wood that grow. 


J. L. Rivrcuis, Executive Director, United States Pulp Producers Assoc., 


Inc., New York, N. Y. 


144 


Conventional pulping species have traditionally been 
used for paper production as long as they have been 
available in volume adequate to support growth; 
whenever it became apparent that conventional species 
were no longer adequate to support new capacity, 
some segment of the wood pulp industry was smart 
enough to learn how to use unconventional species. 
The pulps produced from these unconventional woods 
were different, of course. That problem, however, 
became one for the paper department. The challenge 
presented by pulps with new and different character- 
istics has always been quickly met in this country, not 
only by paper producers, but by the ultimate con- 
sumers of paper products as well. Despite shifts in 
the grade pattern of pulp consumption, necessitated by 
changes in the pattern of available wood supply, the 
range of pulp products has been constantly broadened 
and the quality of these products steadily improved. 

The wood pulp industry was, of course, suckled on 
spruce; for years, spruce remained the primary fibrous 
raw material for wood pulp. The domestic pulp and 
paper industry was originally centered near the great 
spruce forests of the northeast; until 1936, Maine 
and New York led the country in pulp production. 

Quite early in the industry’s history, it became ap- 
parent that the available supplies of spruce in this 
country would not long support the anticipated growth 
in paper requirements. Hemlock and fir were drafted 
to supplement the supply of pulpwood for sulphite and 
mechanical pulp production, and poplar for soda pulp 
production. As late as 1914, however, spruce was 
still supplying over 65% of the industry’s over-all 
pulpwood requirement. 

Because of the industry’s heavy reliance upon spruce 
and because forestry experts could not foresee where 
the wood was coming from to support adequate growth 
of the domestic pulp and paper industry, the United 
States Congress in 1914 acted to remove the tariff on 
wood pulp and newsprint. The purpose and the effect 
of this action was to open up to the vast spruce forests 
of Canada the fast-growing American market. Prof- 
iting by this action, wood pulp producers in Canada 
more than quadrupled their pulp production in the 
next 15 years: the increase in United States production 
during this same period was a relatively modest 46%. 
Because of limited progress in wood utilization, the 
economics of expansion continued to favor Canada 
until 1929. By 1929, Canada was producing 45% of 
North America’s total pulp production as contrasted 
with 24% in 1914. 

During the 1920’s, however, United States pulp 
producers had been experimenting with new wood 
species—notably Douglas-fir in the west and southern 
pines in the south. Success in the utilization of these 
species by the kraft process opened up for the domestic 
industry a tremendous new raw material supply. 
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Largely because of this broadening of the species base, 
wood pulp production in the south and west tripled in 
the 1920 decade, while production in other regions 
declined. 

By 1930, because of progress in fiber utilization and 


Table I. The Groundwood Pulp Economy of North 


America 


(Thousands of short tons) 


1937 1950 1958 1954 
Production 
United States 1601 2216 2342 2429 
Canada 3309 4911 bl 33 5279 
North America 4910 7127 7465 7708 
Imports 
United States 218 280 259 239 
Canada ae 1 3 4 
North America 218 281 262 243 
‘ Exports 
BS 
United Stites 0 ae 0 0 
Canada Xx 167 248 228 232 
North America 167 248 228 232 
New Supply for Home Consumption@ 
United States 1819 2495 2602 2668 
Canada 3142 4664 4898 5051 
North America 4961 7159 7500 7719 


“ Production plus imports minus exports. —__ J : 
Source: ‘‘Wood Pulp Statistics’? (1955 edition), United States Pulp Pro- 
ducers Assoc., Inc 


in market development, the economics of expansion 
had very definitely shifted in favor of the south and the 
west; as a result, wood pulp production in these two 
regions increased more than 3!/) times between 1930 
and 1940, while production in other regions of the 
United Sates increased by a modest 18%, and produc- 
tion in Canada by a relatively modest 46%. 

By 1940, other important developments in the field 
of fiber utilization began to assume significance. Most 
important of these developments was the growing 
interest in all regions of the United States in the use of 
hardwoods. Not only was the kraft process adapted 
to their use, but new high yield pulping processes were 
successively introduced to take advantage of this new 
and abundant fibrous raw material supply source— 
first, the semichemical process, then processes for the 
manufacture of defibrated and exploded pulps, and 
finally the chemigroundwood process. By 1940, the 
production of wood pulp by these new high yield 
pulping processes had achieved the modest level of 
225,000 tons. 

The economics of World War II brought a sudden 
end to normal market development and expansion in 
the domestic pulp and paper industry. There were 
some production gains during the war as projects 
started in the late 1930’s were carried through to com- 
pletion and as higher operating rates prevailed in 
many segments of the industry. Generally speaking, 
however, wartime economics frowned upon any ex- 
pansion of North American pulp and paper facilities. 

Prewar progress in fiber utilization paved the way, 
however, for a postwar expansion program that was 
to prove the greatest in the domestic industry’s 
history. Since World War II, productive capacity in 
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the United States wood pulp industry has increased by 
more than 10 million tons—from 12 million tons to 
over 22 million tons. Of this 10 million ton capacity 
increase, 60% has been in kraft, 20% in the new high 
yield pulping processes, about 10% in groundwood, 
and about 10% in dissolving and other chemical pulp 
grades. 

It is significant that 80% of the domestic pulp 
industry’s postwar growth has been in those segments 
of the economy in which research in fiber utilization has 
been most actively pursued—in kraft, and in the high 
yield pulping processes that rely primarily upon 
hardwoods. 

In the general effort to broaden the species base, 
the mechanical pulp segment of the industry has been 


Table Il. North American Wood Pulp Production 
(Thousands of short tons) 


Groundwood as 


Groundwood Total, all grades % of total 


Canadian Wood Pulp Production 


1909 326 445 ome 
1914 645 935 69.0 
1919 991 1716 57.8 
1921 932 1549 60.2 
1926 1901 3230 58.9 
1929 2421 4021 60.2 
1933 1825 2980 61.2 
1937 3309 5142 64.4 
1945 3342 5601 59.7 
1946 3998 6615 60.4 
1950 4911 8473 58.0 
1951 5172 9315 DRO 
1952 ili 8968 Lal 
1953 5123 9077 56.4 
1954 5279 9626 54.8 
United States Wood Pulp Production 
1909 1179 2,496 47.2 
1914 1294 2,893 44.7 
1919 1591 3,518 45.2 
1921 1260 2,876 43.8 
1926 1764 4,395 40.1 
1929 1638 4,863 353. 7/ 
1933 1198 4,276 28.0 
1937 1601 6,573 24.4 
1945 1827 10, 167 18.0 
1946 1951 10, 607 18.4 
1950 2216 14,849 14.9 
1951 2474 16,524 15.0 
1952 2321 16,473 14.1 
1953 2342 We G30 13.4 
1954 2429 18,348 133 
North American Wood Pulp Production 
1909 1505 2,941 Hile2 
1914 1939 3,828 50.7 
1919 2582 5,234 49.3 
1921 2192 4,425 49.5 
1926 3665 e625 48.1 
1929 4059 8,884 45.7 
1933 3023 7,256 41.7 
1937 4910 1 ZAliss 41.9 
1945 5169 15,768 S20 
1946 5949 7/2) 34.5 
1950 Hay 283, SD 30.6 
1951 7646 25,839 29.6 
1952 7496 25,441 29.5 
1953 7465 26,614 28.0 
1954 7708 27 , 974 27.6 


Source: ‘‘Wood Pulp Statistics’ (1955 edition), United States Pulp Pro- 
ducers Assoc., Inc. 


far from inactive. Defibrated and exploded pulps are, 
of course, mechanically produced. Their introduction 
in the 1930’s opened the way for substantially increased 
hardwood utilization. United States capacity for the 
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production of these grades, on an annual basis, is now 
approaching 1'/. million tons. 

Mechanical defibration is also, involved, of course, 
in semichemical pulp manufacture. The process might 
with equal aptness have been called the semimechanical 
process. United States capacity for the production of 
semichemical grades, based largely on hardwoods, will 
soon exceed 2 million tons. 

Combined United States capacity for the manufac- 
ture of defibrated, exploded, and semichemical wood 
pulps, very shortly, will about equal capacity for the 
production of groundwood pulp itself. 

The use of hardwoods in the conventional ground- 
wood process, excepting poplar, is of relatively recent 
origin. Few mechanical pulp developments in recent 
years have attracted as much world-wide attention as 
the introduction of chemigroundwood. Its success, 


Table III. The Groundwood Pulp Economy of Free 
Europe in 1954 


Thousands of % of 
short tons total 
* 

Total Production 
Scandinavia 2514 60 
Finland 934 22, 
Sweden 870 21 
Norway 710 17 
Germany 618 15 
France 342 8 
Austria 170 4 
Italy 163 4 
All others 402 9 
Total 4209 100 

Total Apparent Consumption 

United Kingdom 805 19 
Finland 7AM hey 
Germany 645 16 
Sweden 476 12 
France 442 11 
Norway 285 7 
Italy 182 4 
Austria 164 4 
All others 396 10 
Total 4116 100 

Total Exports 
Scandinavia 1032 99 
Norway 425 4] 
Sweden 394 38 
Finland 213 20 
All others 9 1 
Total 1041 100 

Total Imports 
United Kingdom 677 dal 
France 101 11 
Netherlands 66 Z 
Germany 26 3 
Denmark 24 3 
Italy 19 2 
Belgium 13 1 
Spain 2 1 
All others 10 1 
Total 948 100 


Source: ‘‘Wood Pulp Statistics’ (1955 edition), United States{ Pulp 
Producers Assoc., Ine. 


and its adaptations, may well tend to broaden signifi- 

cantly the fiber base of the world’s groundwood 

economy. 

THE GROUNDWOOD ECONOMY OF NORTH AMERICA 
In view of the rapid development of newer pulping 

processes, 1f 1s not surprising that the ratio of ground- 
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wood production to total wood pulp production in 
North America has been declining rather steadily for 
many years. 

In North America, despite the fact that production of 
groundwood has tripled in the last 40 years, ground- 


Table IV. Groundwood Pulp Production in Free Europe 
(Tons of 2000 lb.) 


1937 1950 1953 1954 
Austria 121,209 102 , 886 140,713 169,513 
Belgium 0) 52,000 58 , 380 58,438 
Denmark 6,420 952 4,825 4,065 
Finland 903 , 724 793,010 877,113 934,415 
France 276,455 318,600 300 , 900 341,700 
Germany 1,222 ,000 435 , 000 525,231 618, 422 
Treland 0 0 0 0 
Italy 161,766 140,873 163, 100 163 , 200 
Netherlands ; wn 54,000 63 , 000 71,000 
est. 
Norway 598, 958 588,517 590, 260 709 , 699 
Portugal 0 0 0 0 
Spain 2), ce 21,643 23 ,065 25 , 522 
est. 

Sweden 808 , 756 782, 885 790 , 360 870,000 
Switzerland 49 , 604 77,000 88 ,000 99 ,000 
Turkey « 3,004 6, 624 9 , 800 16,500 
United 202 ,000 122,000 127 ,000 128,000 
Kingdom (est. ) (est. ) 
Total 4,448,896 3,495,990 3,761,747 4,209,474 


Source: ‘‘Wood Pulp Statistics’ (1955 edition), United States Pulp 
Producers Assoc., Inc. 


wood’s share of total wood pulp production declined 
from over 50%-in 1914 to 271/.% in 1954. For the 
United States alone, the decline in groundwood’s 
relative position was from 45% of total production in 
1914 to 18% in 1954; for Canada alone, groundwood 
production declined from 69% of total in 1914 to 55% 
in 1954. 

Canada, of course, remains the dominant factor in 
North American groundwood production. Last year, 
Canada’s groundwood production was more than twice 
that of the United States; in the total wood pulp 
economy of North America, conversely, the United 
States is currently producing at a rate twice that of 
Canada. This diversity of pattern is not difficult to 
explain: the economics of groundwood expansion have 
been in Canada’s favor because (1) Canada alone has 
had abundant supplies of the pulping species tradi- 
tionally used in groundwood production; (2) Cana- 
dian newsprint, the major proluct of groundwood, has 
been able to move freely in world trade; and (3) 
progress in fiber utilization in the groundwood econ- 
omy of the United States has been relatively slow. 

That Canada will remain the dominant factor in the 
North American groundwood economy is a virtual 
certainty. Long range, however, the measure of her 
dominance may decline in some degree for several 
reasons: 

1. Canada, herself, we believe, would like to 
diversify her pulp and paper production, not only on 
the theory that too many eggs in one basket can be 
dangerous, but also because of her desire to share in 
the world’s trade in higher valued products. Growth 
in the population of Canada will tend to encourage a 
gradual diversification of Canadian production. It is 
probable, however, that the only development that 
could really accelerate product diversification in the 
Canadian pulp and paper economy would be a general 
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and significant lowering of tariffs in the major paper 
consuming markets of the world. 

2. The United States, as its appetite for ground- 
wood products increases, may, long range, supply a 


Table V. Groundwood Pulp Imports of Free Europe 
(Tons of 2000 lb.) 


1987 1950 1958 1954 
Austria 0 0 0) 467 
Belgium Sil Sy 32,890 14,779 12,790 
Denmark 9,617 22,107 23,877 24,489 
Finland 0 0 0 0 
France 173,834 105,622 73,919 100,657 
Germany 162 15,000 5}. ADD) 26 , 257 
Treland 0 0 0 5,238 
Italy 5,138 40,569 16,211 19,047 
Netherlands 14,955 36,070 49,517 66,471 
Norway 0) 0) 0 0 
Portugal 3,000 OOS Pa Teey4 3,000 
(est. ) (est. ) 
Spain 6,000 8,722 17,270 11,806 
(est. ) 
Sweden 1,427 0 0 0 
Switzerland 139 46 657 640 
Turkey, 0 1,100 0 0 
United Kingdom 819,008 557,567 626,937 677,161 
Total 1,064,612 823,246 844,704 948,020 


Source: ‘‘Wood Pulp Statistics’? (1955 edition), United States Pulp 


Producers Assoc., Inc. 


relatively larger proportion of its own groundwood 
pulp requirements than it has in the past. In recent 
years, the United States industry has learned how to 
use both southern pine and hardwoods in the manufac- 
ture of groundwood. Largely because of this, ground- 
wood pulp production which had remained virtually 
dormant for 25 years preceding World War II, began 
to show new signs of life immediately following the 
war. Production during 1955 has been at an annual 
rate that exceeds the 1945 level of production by one 
third. If the current production rate is maintained, 
United States production this year will total over 2.6 
million tons, 9% higher than last year. 

United States consumption of groundwood pulp 
totaled about 2.7 million short tons last year. Spe- 
cific data showing the pattern of consumption in the 
end products of groundwood will not be available until 
the results of the 1954 Census are published. Based 
on end-product. production, however, we estimate, 
very roughly, that newsprint used about a million tons 
of last year’s groundwood pulp supply, groundwood 
printing and specialty products another million tons, 
and all other grades (building board, bending board, 
other paperboard, tissue, and molded pulp products) 
the remaining 700,000 tons. This is not, of course, 
the consumption pattern of a typical self-contained 
groundwood economy; because of its heavy depend- 
ence upon imported newsprint, however, the United 
States is not a self-contained groundwood economy. 
Considering the groundwood content of imported 
end products, it is perhaps a fair assumption that at 
least 74% of the direct and indirect groundwood pulp 
consumption of the United States is in newsprint. In 
every self-contained groundwood economy, newsprint 
is, of course, the dominant groundwood product, and 
by far the major outlet for groundwood pulp. 

Looking ahead, we anticipate that the most favorable 
growth rate among the many end-product segments of 
the groundwood economy will continue to be in news- 
print and groundwood printing paper. Current ex- 
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pansion programs in the United States appear to con- 
firm this. On the other hand, because of the trend 
toward an enrichment of paper furnishes in recent 
years, we suspect, although we cannot confirm it 
statistically, that groundwood pulp may have suffered 
a decline in relative importance in the furnish of certain 
end products. This could be particularly true of 
domestically produced tissues where the trend toward 
upgrading appears to have been particularly pro- 
nounced since the war; it could also be true of paper- 


board for packaging. 


At the low end of the quality scale, groundwood 
products, long range, will probably face growing com- 
petition from the products of wastepaper. The spec- 
tacular growth of paper consumption in this country 
has operated to increase significantly the recoverable 
supply of wastepaper. The wastepaper salvage rate 
in this country has declined steadily since the war; 
it is currently close to an all time low. Further, be- 
cause of the trend toward the enrichment of paper 
furnishes, the fiber content of this recoverable waste- 
paper supply is much richer than it used to be. At 
some point, the economics of paper production may 
dictate significant increases in the utilization of waste- 
paper. The wastepaper salvage rate, long range, may 
have a direct bearing on the relative demand_ for 
groundwood and other short fibered pulps for low end 
products. 

At the high end of the quality scale, on the other hand, 
the groundwood economy will make a strong bid to 
improve its competitive position. Not only has there 
been steady improvement in the qualities of ground- 
wood pulps, permitting commensurate improvements 
in conventional groundwood products, but the intro- 
duction of bleached groundwood is presenting new 
opportunities for market development. Progress in 
groundwood bleaching may well continue to give im- 
petus to increased groundwood consumption in the 
printing paper field. At the present time, about 17% 


Table VI. Groundwood Pulp Exports of Free Europe 
(Tons of 2000 lb.) 


1937 1950 1958 1954 

Austria 23,012 (LOS ORS 9, 5,498 
Belgium 0 0 0 0 
Denmark 0 0) 0 0 
Finland 320,812 195,443 224,353 212,938 
France 270 54 0) 20 
Germany 192 0 12 17 
Ireland 0 0 0 0 
Italy 0 0 0 0 
Netherlands 0 0 0 0 
Norway 353,928 348,801 339,455 424,985 
Portugal 0 0 ) 0 
Spain 0 0 0 0 
Sweden 389,173 312,010 341,817 394,257 
Switzerland 1,863 2,928 5,287 3,611 
Turkey 0 0 0 0 
United Kingdom 0 0 0 0 

Total 1,088,750 861,352 921,483 1,041,326 


Source: ‘“‘Wood Pulp Statisties’’ (1955 edition), United States Pulp 
Producers Assoc., Inc. 


of this country’s groundwood pulp production is being 
bleached. 

The groundwood economy of North America is, of 
course, predominantly integrated. The volume of 
North American groundwood pulp produced for sale 


Vol. 38, No. 10 October 1955 TAPPI 


Atlantic builds waxes which add trouble-free sales appeal 
fo any product. Those recommended for paper goods assure 
you of a hard, glossy, scuff-resistant surface with 

lasting protection against blocking. 


Blocking (or sticking together) occurs most often when a 

wax loses its hardness. Tough, hard, high-melting Atlantic 1115 
Wax gives your products good blocking resistance in hot 

summer temperatures. Atlantic 1115 Wax is also highly resistant 
to the deteriorating effect of vegetable oils, so that 

containers stay firm and leak-proof for long periods of time. 


Atlantic makes a superior wax for every use. Selecting the right wax 

is quick and easy when you call in your Atlantic man. He’s an experienced 
consultant... knows which waxes to recommend for hardness, 
flexibility or a combination of these and other characteristics. 


He'll arrange deliveries to suit your needs ...in cartons or pallets, 
in bulk haulers or in tank cars. For full information write 

your nearest Atlantic office. The Atlantic Refining Company, 

Dept. T-10,260 South Broad Street, Philadelphia 1, Pa. 


ATLANTIC 


LUBRICANTS - WAXES 
PROCESS PRODUCTS 


THERE’S AN ATLANTIC WAX FOR EVERY USE 


TAPPI - October 1955 Vol. 38, No. 10 21A 


last year totaled only 209,000 tons equal to only 2.7% 
of North America’s total groundwood pulp production. 
Of this modest market pulp production, only about 4% 
was shipped overseas, all of it from Canada. 

North America’s imports of groundwood pulp from 
overseas are also nominal. Last year, they totaled 
only 37,000 tons, equal to less than '/2 of 1% of North 
America’s total requirement for consumption. 

Thus groundwood pulp is not, in any substantial 
measure, a long-distance traveler. The tendency, both 
here and abroad, is for each of the major continents to 
aim at continental self-sufficiency in respect to their 
groundwood pulp requirements. 


THE GROUNDWOOD ECONOMY OF FREE EUROPE 


Free Europe, like North America, has for years been 
self-sufficient in respect to its groundwood pulp re- 
quirements. Last year, the countries of Free Europe 
produced 4.2 million tons of groundwood pulp; they 
consumed 4.1 million tons. 

Of free Eyrope’s total production in 1954, Sweden, 
Finland, and Norway together produced 60%, Ger- 
many 15%, France 8%, Austria and Italy each 4%, 
and others 9%. 

Of the consuming countries, Britain last year ranked 
first, consuming 19% of the total supply; Finland con- 
sumed 17%, Germany 16%, Sweden 12%, France 11%, 
Norway 7%, Italy and Austria each 4%, and the 
remaining countries 10%. 

Intra-continental trade in groundwood pulp is far 
more extensive in Europe than it is in North America. 
Combined exports of the countries of Free Europe 
totaled 1,041,000 tons last year. The three Scandina- 
vian countries accounted for 99% of these exports. 
Combined imports totaled 948,000 tons last year; of 


Table VII. Apparent Consumption’ of Groundwood in 
Free Europe 


(Tons of 2000 Ib.) 


1937 1950 1953 1954 
Austria 98,197 95,770 130, 154 164, 482 
Belgium 31,392 84,890 73,159 71,228 
Denmark 16,037 23,059 28, 702 28 , 554 
Finland 583,412 597 , 567 652,766 721,477 
France 450,019 424, 168 374,819 442 337 
Germany 1,221,970 450 , 000 540.974 644, 662 
Treland 0 0) 0 5,238 
Italy 166,904 181,442 182,311 1827244 
Netherlands 89,955 90,070 TI? SIZ 137,471 
Norway 245 ,030 244,716 250, 805 284,714 
Portugal 3,000 3,553 2,782 3,000 
Spain 26,000 30,365 40,335 37,328 
Sweden 421,010 470,875 448 , 543 475,743 
Switzerland 47,880 74,118 83,370 96 ,029 
Turkey 3,004 ne: 9, 800 16,500 
United 
Kingdom 1,021,008 679, 567 753,937 805, 161 
Total 4,424,758 3,457,884 3,684,968 4,116,168 


ie Production plus imports minus exports. 
Source: ‘‘Wood Pulp Statisties’’ (1955 edition), United States Pulp 
Producers Assoce., Ine. 


these, the United Kingdom took 71%, France 11%, 
the Netherlands 7%, Germany and Denmark each 3%, 
and all others 5%. 

Groundwood is relatively more important in the 
total pulp economy of Europe than it is in the total 
pulp economy of North America. As contrasted with 
the North American ratio of 27!/.%, groundwood pulp 
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production in Free Europe last year was equal to 36% 
of total wood pulp production. There are perhaps two 
primary reasons for this diversity of pattern: (1) 
because of wood problems and economic problems 
generated by the war, increases in the production of 
chemical pulps have not been so great in Europe as in 
North America; and (2) because of problems of wood 
supply, some countries of Europe appear to be pro- 
ducing relatively more groundwood because of its 
higher yields. 

_ The groundwood economy of Free Europe has made 
notable gains in recent years. Between 1950 and 1954, 
the consumption of groundwood pulp in Free Europe 
increased by 19%. Despite this gain, however, the 
1954 level of consumption in Free Europe was still 7% 
below that of 1937, as contrasted with North Amer- 
ica’s gain of 55% during the same period. 

The next few years will witness a rather sharp ex- 
pansion of newsprint capacity in Europe. Increases in 
capacity for the production of other end products are 
also pending. As a consequence, there are bound to 
be commensurate increases in Europe’s requirements 
of groundwood pulp. 


THE FUTURE OF MECHANICAL PULPS 


The gains that have been made by the mechanical 
pulp industry in wood utilization, in pulping processing, 
in pulp qualities, and in market development, afford 
promise that these pulps will more than hold their own 
in the competitive fiber economy of the future. 

In the United States industry, for example, the 
Stanford Research Institute predicted about a year ago 
that this country’s over-all wood pulp requirement 
would double between 1952 and 1975. It projected 
the pattern of growth in domestic pulp requirements 
during this period as follows: 


Unbleachedssulphates: aetna tenner +60% 
Wihite chemical pulls ss anne +70% 
Groundwood) 2: 5!) ¢ 5... eee +96% 
Defibrated andiexploded i ease +182% 
Semichemicalls. <7. Meee een eee +550% 


On this basis, the high yield pulps produced in whole 
or in part by mechanical processes—including ground- 
wood, defibrated, exploded, and semichemical—would 
constitute 39% of the total pulp supply available for 
United States consumption in 1975; in 1952, these 
same pulps constituted only 26% of total pulp supply. 


In view of the fact that the situation in respect to 
wood supply is more stringent in Europe than it is in 
North America, there is reason to believe that the em- 
phasis on high yield grades will be as great in the Euro- 
pean fiber economy as it is here. 


In conclusion, my major point of emphasis, is that 
relative performance by the major segments of the 
world’s fiber economy will be determined by their 
relative skill in producing useful products out of the 
types of wood that grow—with due regard, of course, 
for cost factors that affect the saleability of these 
products in competitive markets. In the practical 
business world, whether we like it or not, economic 
values will continue to determine the relative worth of 
technological achievement. 


Presented at the Second Mechanical Pulping Conference of the Technical 
ey eee of the Pulp and Paper Industry, Poland Spring, Me., Sept. 19, 
JOO, 
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Josepu Horne Co. 
ad-about-town 
travels in good company 


Many successful retailers, like the Joseph Horne Company, 
have learned the value of selecting a color for their wrap- 
pings that is all their own. This distinctive color represents 
them all over town — makes everything they sell a traveling 
advertisement. 

Why not sell your prospects in the retail field on the idea of 


adopting a “store color’— and help them in their selection. 
You can offer them a wide range of shades to choose from. See 
how it helps you get new business . . . steady repeat sales, too! 

Should you need help in developing a color or selecting the 
proper dye, get technical assistance simply by writing E. I. 
du Pont de Nemours & Co. (Inc.), Dyes and Chemicals Divi- 
sion, Wilmington 98, Delaware. 
FOR MAXIMUM ECONOMY FOR MAXIMUM SOLUBILITY 
Du Pont basic dyes Du Pont acid dyes 
FOR MAXIMUM LIGHT FASTNESS 
Du Pont dispersed organic pigments: “MONASTRAL”* Fast Blues, 
“MONASTRAL’* Fast Greens, “LITHOSOL’* Pigments 
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HOW TO BUY RUBBER COVERED ROLLS 


TO MEET SPECIAL 
ROLL REQUIREMENTS 


... and get 
“More Use per Dollar” 


Insist on roll covering that is 
custom-made by roll covering spe- 
cialists . . . with large, up-to-date 


equipment and facilities. 


Separation of the rubber from the 
metal ‘core is a primary cause of 
failure with ordinary rubber cov- 
ered rolls. Look for a company who 
has developed a superior rubber to 
metal bond that prevents cover sep- 
aration. Make certain the company 
that handles your roll covering job 
has the specialized experience and 
know-how for producing the cor- 
rect rubber compound for your 
requirements to prevent cracking, 
hardening, corrugation and oxida- 
tion. Be sure they have the facilities 
to handle your job regardless of 
size. Determine whether they have 
the modern equipment to vulcanize 
and grind your roll covering to the 
precise diameter you require ... to 
insure uniform and permanent 
density for your operations. 


Specify rubber covered rolls 
custom-made to meet your specific 
operating conditions . . . specify 
Manhattan Rubber Covered Rolls. 


Largest grinder and largest roll covered in U. S. 
Grinder can take rolls 35 ft. x 62” diameter. 


MANHATTAN RUBBER COVERED ROLLS 


Over 60 years of experience is ready 
to serve you at Manhattan for the 
development and production of roll 
coverings to meet the special needs 
of your plant. Manhattan roll cov- 
ering specialists have developed an 
inseparable bond of rubber to metal 
core and roll cover compounds that 
virtually eliminate troubles due to 
cracking, hardening or corrugating. 
Modern precision roll grinding and 
vulcanizing facilities can handle 
the largest rolls made and insure 


accuracy of dimension within .002”. 
Custom-made to give you uniform 
production quality, Manhattan 
Rubber Covered Rolls assure per- 
manent density and long, trouble- 
free service under all working 
conditions. Discuss your job 
requirements with an R/M roll 
covering specialist. He'll tell you 
why Manhattan Rubber Covered 
Rolls last much longer . . . give you 
“More Use per Dollar”. 


RM-518 


ROLL COVERING PLANTS AT PASSAIC, N. J. — NEENAH, WIS. — NORTH CHARLESTON, S. C. 


MANHATTAN 


RUBBER 


DIVISION — PASSAIC, 


NEW JERSEm 


RAYBESTOS-MANHATTAN, INC. 
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EASTEX 


We are proud to have supplied the following 
equipment to this fine mill: 


Three 9’6” X 16’ Vacuum Brown Stock 
Washers 

Five 8’ X 14’ Vacuum Washers 

Two 9’6” X 16’ Valveless Vacuum Deckers 

One 9’6” X 16’ Stainless Valveless Saveall 

One Mechanical Foambreaker 

Thirty-Six Wood & Steel Vat Flat Screens 

Double-Shaft Mixers, Circulator Tower 
Equipment and Dilution Nozzles for 
Bleaching Stages 

One Thick Stock Pump 


IMPROVED 
MACHINERY INC. 


Nashua, New Hampshire 


Sherbrooke Machineries Limited, Sherbrooke, Quebec, 


Manufacture Similar Equipment in Canada 
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SESS the complete line of paper mill starches 


T he superior quality of OK BRAND starches gives 
you improved tub, beater, and calender sizing. Better 
for coating and adhesives, too. When you make better 
paper at no extra cost — you’ve put more profit in 
your “paper work”. Try OK BRAND and see! Dis- 
cuss your special starch requirements with Hubinger’s 
expert technicians. 


the stamp of quality 


Try these top-quality 
starches for paper makers: 


® OK BRAND Pearl 

® OK BRAND E-Type Pearl 
® OK BRAND Pearl 700 

® OK BRAND Pre- Jel 


® OK BRAND Thin Boiling 
Starch 


® OK BRAND Oxidized 
Starches 


ESTABLISHED IN 1881 


THE HUBINGER COMPANY 
KEOKUK, IOWA 


New York @ Chicago ® Los Angeles @ Boston @ Charlotte 
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LECTRO-CLAD 
Nickel Plated Steel 


Guards your product against contamination 


Many product contamination problems are now being 
solved with CF&I LECTRO-CLAD. This new nickel 
plated steel is being used in many heavy industrial 
fabrications, such as tank cars, processing equipment, 
storage tanks, and many other containers for products 
that must be kept free of contamination or dis- 
coloration. 


After the steel-backing material has been carefully cleaned 
and inspected, the nickel plating is applied by the patented 
Bart Process. This consists of electro-depositing a .006” to 
-010” coating of pure nickel uniformly over a steel surface. 


CF&Il LECTRO-CLAD provides the only heavy industrial 
nickel plating that permits fabrication by standard steel 
shop procedures. Here, manual arc welding is being per- 
formed on the nickel side with no damage to the plating. 


CF&I LECTRO-CLAD. 


CF&I LECTRO-CLAD’s contamination control proper- 
ties compare very favorably with rolled nickel-clad 
steel or solid nickel; LECTRO-CLAD is much better in 
this respect than many of the protective coatings 
now used on steel., 

These photographs illustrate some of the manufac- 
turing and fabricating techniques used with 


After plating, the material is subjected to rigorous adhesion 
flame tests and a 180° bending test (shown here). These 


tests assure. that the nickel bond will not fail even if the 
material is subsequently worked beyond the failure point 
of the steel backing itself. 


CF&I LECTRO-CLAD possesses excellent working properties 
for rolling, forming, flame cutting, shearing and pressbrake 
operations. No special equipment is needed. Extreme tension 
or compression during forming will not disturb the nickel bond. 


CF&l is now producing LECTRO-CLAD in the form of plates, 
sheets, pipe, heads and fittings. For complete details, write for 


our new Technical Manual on 


LECTRO-CLAD Nickel Plated Steel. 


Claymont Steel Products 


Products of Wickwire Spencer Steel Division + The Colorado Fuel and Iron Corporation 


Wilmington, Delaware 


Abilene + Albuquerque + Amarillo » Atlanta - Billings - Boise + Boston - Butte + Casper + Chicago + Denver » Detroit + El Paso - Ff. Worth + Houston Lincoln (Neb.) - Los Angeles 
New Orleans » New York * Oakland » Odessa * Oklahoma City * Philadelphia + Phoenix - Portland - Pueblo + Salt Lake City » San Francisco > Seattle * Spokane + Tulsa - Wichita 
CANADIAN REPRESENTATIVES AT: Edmonton » Toronto * Vancouver + Winnipeg 


Other Claymont Products . . . Stainless-Clad Plates + 
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Large Diameter Welded Steel Pipe = 
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Carbon and Alloy Steel Plates - 


Flanged and Dished Heads + Manhole Fittings and Covers 


Flame Cut Steel Plate Shapes 3010 
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A MAN AND THE PAPER INDUSTRY—HUGH J. 
CHISHOLM (1847-1912) 


HUGH J. CHISHOLM 


Ir is traditional for a company, at some point 
near its fiftieth anniversary, to relate the past to the 
present and to its conception of the future. The 
Oxford Paper Co. soon will enter upon its fifty-fourtb 
year. Emerson’s often quoted statement that “An 
institution is the lengthened shadow of one man”’ was 
never truer than in regard to this company. The 
story of the years of planning and building at Rumford 
which preceded the founding of Oxford, and of the 
first crucial years of the company’s history—is neces- 
sarily the story of Hugh J. Chisholm, Sr. 

Because more than four decades have passed since 
my father’s death, I believe I can be reasonably ob- 
jective. It would be impossible, in any case, to 
separate the threads of his life from those of the Oxford 
story, or, indeed, from the history of Rumford. 

It is equally true that the continuing and thriving 
accomplishments of Oxford and of modern Rumford 
lend perpetual meaning to his life. His business 
philosophies and attributes of character are ever 
present in the minds of those of us who follow on the 
course he so clearly set. As a young man in training I 
was close to many of his interests and activities and 
soon became aware that he felt Rumford to be the 
heart of his achievements, and that the Oxford Paper 
Co. represented to him both the current essence and 
the potential of what he dreamed in a field which became 
his final choice: papermaking. 

In preparing what is perforce merely an outline of 
our company’s history I have borne in mind the words 
of Dr. Charles Penrose: ‘‘As we look backward let us 
look forward.”’ I am confident Hugh J. Chisholm 
would concur in this thought. 

Hugh Joseph Chisholm was born at Chippewa, Ont., 
Canada, on May 2, 1847, the fifth of ten children whose 
parents were Alexander and Mary Phelan Chisholm. 
Alexander Chisholm had migrated lately from Strath- 
glass Glen, Scotland, about 15 miles west of Inverness, 
and had just begun adjustment of his life to the primi- 
tive economy of Canada in the ’Forties when he was 
accidentally and tragically drowned. Young Hugh 
Chisholm had been attending the local grammer school, 
but now, at 13, he was thrown upon his own resources. 

He met the sudden responsibility of obtaining work 
in digging potatoes at 25¢ a day. Subsequent events 
make plain that he was by no means a lazy lad, but 2 
days of potato-digging convinced him that the labor 
of agriculture was not his forte. A few days later he 
had a job selling newspapers and magazines on the sooty 
red-plush trains running from Detroit to Toronto. 


Huen J. Cutsuotm, member of the Newcomen Society, President, Oxford 
Paper Co., Portland, Me. 
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There was another boy about the same age, with the 
same job on the alternate run. He was Thomas A. 
Edison and the two became lifelong friends. 

One was to move on to great achievements in the 
realm of invention, the other to wholly new conceptions 
in the pulp and paper industry. For both the spring- 
board was this apprenticeship in travel and communica- 
tions. America was developing an enormous appe- 
tite for news and information, and beginning to de- 
mand both more quickly and from wider sources. The 
standard of living was rising and America was de- 
termined that it should lift even higher. 

To serve such ambitions on the part of a youthful 
and energetic nation, Thomas Edison moved into his 
destiny via electricity whose expanding possibilities 
fascinated him. His associate, the young Canadian, 
felt that distribution of newspapers and magazines on 
the trains could be handled more efficiently than hereto- 
fore, yet with profit, and that in this direction lay his 
own path toward larger concerns. But before launch- 
ing into the stream of commerce as a captain rather 
than one of the crew, the young Chisholm took a pre- 
cautionary step that was characteristic throughout his 
life. 

No more than a boy in his ’teens, he realized that he 
lacked experience and education as to basic business 
principles. Therefore he invested his entire capital— 
$50.00, and out of earnings, too!—in a commercial 
night course offered by a Toronto business college. 

There he learned fundamentals which he felt now 
fitted him for his next move, formation of a partnership: 
with one of his brothers, also in his ’teens. They 
called their new enterprise ‘Chisholm Brothers” and 
in a calm and businesslike manner entered into the 
distribution of newspapers and magazines on the Grand 
Trunk Railway. In a remarkably short time they 
acquired the privileges of sales on trains from Chicago 
to Portland and Halifax, and soon had added the 
steamboats of the principal lines operating on the St. 
Lawrence River. 

It was not long before these youngsters had won 
the respect of publishers as well as of the owners of the 
railroads and ships whose passengers they so ably 
served. The market they controlled for newspapers 
and magazines, and later other articles of use to 
travelers, represented more than 5000 miles of rail 
and steamship lines. Chisholm Brothers were em- 
ploying more than 200 boys and young men, many 
of them considerably older than themselves—and 
every one uniformed in trainman’s cap and coat with 
the proper brass accoutrements. 

To move from the distribution of periodicals to 
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For wet strength in a hurry—UFORMITE 700 


UrormiTE 700 gives your paper high wet strength fast. 
In almost any kind of furnish—bleached or unbleached 
kraft, sulfite, or groundwood—you get high strength right 
off the machine. 


UrormiTE 700 has other important advantages: 
Highly efficient— provides effective results over a wide range 
of resin-to-pulp ratios. * Easily mixed—no acid pretreat- 
ment, no special equipment needed. ¢ Simply controlled 
pH—acid, alum, or blends of both can be used. © Con- 
veniently added—at any desired point from beater to 
headbox. « Long storage life—the stability of UFORMITE 
700 helps eliminate inventory problems. 


Other Rohm & Haas chemicals for the paper industry 
include hydrosulfites for bleaching wood pulp; resin emul- 
sions for paper coating and saturation; surface-active 
agents, pitch dispersants, deodorants, and bactericides. 


CHEMICALS FOR INDUSTRY 


ROHM <¢ HAAS COMPANY 


THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 


Representatives in principal foreign countries 


Urormite is a trade-mark, Reg. U.S. Pat. Off. and in principal 
foreign countries. 


publishing them was, of course, a logical step, even if a 
long one, and was taken shortly after the formation of 
Chisholm Brothers in 1867. The two brothers be- 
came, in fact, the originators of what was then a new 
idea in publishing. They specialized in the publica- 
tion of tourist guides and souvenir books of travel. 

The year 1872 was a most eventful one in the life of 
Hugh J. Chisholm. It wasin that year that he bought 
out the interests of his brother in the New England 
part of their joint enterprise and relinquished his 
holdings in the Canadian activities of Chisholm 
Brothers. It was also in that year that he became a 
citizen of the United States of America, established 
residence in Portland, Me., and married Henrietta 
Mason, daughter of Dr. and Mrs. Edward Mason of 
that city. 

He had seen that his ultimate goal must be toward 
basic industry. His feeling for Canada as the place 
of his birth, and his interest in the welfare of the 
Dominion, never left him. They were reflected 
steadily in the relationships of his various enterprises as 
well as in the many friendships he formed with Cana- 
dian and Old Country leaders and industrialists. He 
saw North America as a whole, as a continent made 
up of men and women whose basic concerns were in 
common. 

But even as a very young man he had perceived that 
his future lay on this side of the international boundary, 
that here was where he would work and build. The 
Dominion was not then, of course, anywhere near its 
present status in population, markets, capital, or 
sheer initiative. 
State of Maine, offered far more opportunity in this 
youth’s eager view. 

An early associate of my father speaks wonderingly 
of his ability to understand and encompass a complex 
subject with seemingly little observation and a mini- 
mum of basic data. This represents the kind of mind, 
I have been told, that needs various matters on which 
to feed. It is therefore not surprising to find the 
youthful Chisholm, very soon after taking up residence 
in Portland, making explorations throughout the State 
in search of foundations for solid competitive enter- 
prise. 

Those magazines and newspapers he had distributed 
as a boy had become more than publications in his 
mind. They were, of course, printed on paper— 
literally on hundreds of tons of paper. Now, as a 
publisher, he found out a good deal about how paper 
was made—and what it cost—and why it cost what it 
did. 

Then, as now, the manufacture of wood pulp and of 
paper from that pulp took tremendous quantities of 
wood, power, and water, and plenty of good men with 
experience ranging from that of the logger to that of the 
technician in the mill. It was an industry of dramatic 
scope, offering an ever-expanding service to the Nation’s 
growing economy and public need. 

It was an industry which therefore fascinated Hugh 
J. Chisholm from the start of his career in Maine. 
Young Edison had dreamed of the practical potentials 
of electricity, dreamed of them as he gazed at the 
mysterious movements of the telegrapher’s key. 
Young Chisholm saw the unbelievable power of wood 
fibers when made into paper—for news and instruction 


30 A 


The States, and specifically the. 


and for the smooth operation of business and industry 
in all their broadening phases. 

The initial potentials of the Maine forests were, of 
course, obvious to the first settlers. But those poten- 
tials had been limited by the pioneer economy. ‘The 
problem of the forests was the problem of clearing for 
agricultural pursuits, and the lumber and wood prod- 
ucts industries grew almost as by-products of that 
clearing of the trees. In those days our American paper 
industry was still quite new. Indeed, the chemical 
processes of papermaking from wood fibers had hardly 
begun at the time this perspicacious young man began 
selling publications on the trains. 

His first awareness of the possibilities in wood pulp 
became visible when he acquired an early patent for 
making wood fiber-ware, still an important industry 
in New England. This was followed by organization 
of the Somerset Fibre Co. at Fairfield. 

He had been working unceasingly since the age of 
13 and now, at 25 and with a wife concerned for his 
health, he was persuaded to take his first vacation. In 
New Orleans he received a telegram advising that the 
fiber-ware plant had burned to the ground and urging 
that he return to Maine at once. 

Instead, he completed his holiday. He had to begin 
all over again in the industry of his choice and that 
would require more thinking and planning. The start 
of that could be in New Orleans as easily as in Portland. 

Upon his return to Maine, my father’s mind revolved 
more and more around a relatively new concept of pulp 
and paper. If it were to survive in the modern in- 
dustrial world it must, he saw, keep pace with in- 
dustry—and he visualized it steadily as a scientific in- 
dustry so organized, to match the general and ac- 
celerating business march of America. 

It was in 1881 that he established the Umbagog Pulp 
Co. at Livermore Falls, and when that organization 
was well under way he sold out his remaining interests 
in the fiber-ware plant. He was now fairly launched 
on his career of papermaking and via the basic raw 
material, wood pulp. 

The structure of his dream was complete in its 
broad outline within the young man’s mind. The 
shading and the detail were being filled in gradually. 
But he was fully aware of the work to be done before 
the dream could be brought into complete reality. 
Said William DeWitt Hyde, then president of Bowdoin 
College, on the occasion of awarding to my father the 
honorary degree of Master of Arts shortly before the 
latter’s death: ‘The leading characteristics of Hugh 
J. Chisholm seem to be a prophetic grasp of future 
possibilities, and indomitable patience, perserverance, 
and energy in developing the means of realizing those 
possibilities.”’ 

And so, whenever there was time, he continued his 
restless exploration of every part of Maine. 

The region where Rumford, Me., now stands was 
little more than a wilderness in the Midwinter of 1882 
when Hugh J. Chisholm first saw it. Houses were 
few and scattered widely. Occasionally, in summer, 
a few people might be attracted by the tales of the 
beauty of the Penacook Falls, later known as Rumford 
Falls. But the railroad ended at Bethel, 24 miles 
away, and most of the outsiders who had seen this 
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Natco 680 is completely soluble, completely 
stable ...the one sodium aluminate that re- 
mains in solution as sodium aluminate and 


does not settle out. 


Every ounce of Nalco 680 provides active 
alkaline alumina... always available for rapid 
reaction. That means reduced alum require- 
ments, lower acidity, better sizing, better 


retention, and therefore, better products. 


Read the results reported at right — then 
ask a Nalco Representative to show you how 


Nalco 680 can repeat them in your mill. 


BOX BOARD MILL — Power Savings 


“Machine tenders report much better sheet formation with 
Nalco 680, and that jordans can be cut back 10 amps. 
Machines are cleaner with no deposits on cylinders.” 


KRAFT MILL— Alumina Retention 


“Improvement in sizing, better retention of alumina, and 
general texture of the sheet using Nalco 680 are very 
marked. Converter reports the sheet handles better.’ 


SULFITE BOND MILL— 45% Less Alum 


“Results using Nalco 680 at the rate of 5 pounds per ton 
have been good. Improved sizing and reduced alumso that 
140 pounds of alum is being added per 4500 pounds of 
furnish, instead of the previous 250 pounds of alum. 
This enabled the mill to meet rigid pH specifications for 
the paper.” 


TISSUE MILL— Clean Machines 


“No. 6 paper machine remaining clean and generally good 
results through the use of Nalco 680 applied at the rate 
of four pounds per ton into the fan pump suction.” 


NATIONAL ALUMINATE CORPORATION 


6197 West 66th Place 


* Chicago 38, Illinois 


Canadian inquiries should be addressed to 
Alchem Limited, Burlington, Ontario 
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100% Soluble + 100% Stable + 100% Available ~ 
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‘SYSTEM... Serving the Paper Industry through Practical Applied Science 
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stretch of the Androscoggin River were the hardier 
variety of fishermen and hunters. 

Into this lonely scene there drove one winter day in 
that year of 1882 a horse and sleigh from the direction 
of Bethel. Bundled in the robe of the rented rig was 
the subject of this sketch, recently turned 32. He had 
come neither to hunt nor fish, although the beauty of 
the Falls was by no means lost on him, as we know 
from his later account of that historic journey. 

He had heard, in Portland and around Livermore 
Falls, some reports that interested him, if true. He 
had heard that the Androscoggin, at a point soon after 
re-entering the State of Maine, takes a sudden turn 
southeast and thereupon drops nearly 200 ft. in less 
than a mile. 

To my father that meant one thing—tremendous 
potential power for new industries. He had decided 
to look for himself and he had seen no good reason to 
wait for an equable spring in which to do so. 

Leaving sleigh and horse at the road, he trudged 
across ‘the crusted snow and found precarious footing 
on a table ‘ef rock just below the Falls. It was, he 
often said later, a most magnificent sight. He stood 
there a very long time, oblivious to the cold and the 
thunderous sound of the Falls. He had been making 
a study of what was then a whole new science to most 
of America—hydroelectric power and the science of 
hydraulics as applied to industrial use. He realized, in 
such terms, what he now saw. 

Twenty-five years later, his life rich in accomplish- 
ments, he recalled clearly the thoughts that ran through 
his mind when as a youth he saw this vast unharnessed 
power which had been going to waste for countless 
generations. He wrote: “The idea of developing and 
making productive this great unchained power before 
me and of planting a city in the wilderness was what 
came to me then.” 

That this recollection was accurate is shown clearly 
by the steps which he early took to bring that idea to 
reality. Those steps were characteristically immediate. 
But he realized the time and effort involved: ‘TI 
knew,” he wrote, “that the realization of this dream 
would mean not only the expenditure of much money, 
but of the most careful and painstaking thought, the 
most untiring patience and energy. It was not a work 
to be accomplished in a single night.”’ 

Our founder’s recollection of the Rumford area in 
1882 as a sleeping farming community was likewise 
accurate. In his mind that condition was sharpened 
by contrast with the potentials he saw in the Falls on 
that memorable day. 

By virtue of its location and the early more or less 
primitive water-wheel harnessing of the power, the 
old town of Rumford had enjoyed a curiously isolated 
prosperity in the ’Fifties. At the peak of this phase 
Rumford had a population of 1375. That is not im- 
pressive when compared with its more than 14,000 
today, but for that corner of thé world, in that day, it 
was rather remarkable. 

However, at the time of young Chisholm’s visit, 
events far beyond Rumford had seriously damaged the 
old ambitions of the town. The call of the Far West 
with its own virgin timber, its prospect of gold and 
free land, to say nothing of new freedoms, was particu- 
larly strong in the ears of venturesome New Englanders. 
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As populations of towns like Rumford dwindled, shin- 
ing axes with handles made in Rumford began to ring 
out in a new wilderness on the slopes of the Rockies 
and along the Pacific shore. Out on the Willamette 
River in Oregon was growing up another city of Port- 
land. 

And on the heels of that great migration came the 
tragedy of the Civil War. To this struggle, as it has 
to all conflicts engaged in by this Nation, the Rumford 
area sent its young men. And then the potentialities 
of the whole vicinity were sapped by economic disloca- 
tions in the aftermath of war between the States. By 
1865, there were abandoned farms along the Andros- 
coggin. In the town itself one business shop after 
another put up its shutters for the last time. The 
stacks of its young industries grew cold. 

This disintegration went on for 30 years. In that 
midwinter of 1882 there were less than a thousand 
people living in the area. Before the power of Rum- 
ford Falls could be harnessed and the settlement 
revived again there would be less than 900. 

As he had foreseen, there would have to be a decade 
of planning and building at Rumford when the founder’s 
plans could be completely realized there. Meanwhile 
he was not idle, nor did his interest in the pulp and 
paper industry lag. In 1887 he founded at Livermore 
Falls the Otis Falls Paper Co., capitalized at three 
quarters of a million dollars. Hugh J. Chisholm be- 
came its treasurer, its general manager, and principal 
owner. At that time it was one of the largest plants 
of its kind in North America and later became an im- 
portant unit in the organization to be known as the 
International Paper Co. 

So devoted did my father later become to Oxford 
Paper Co., and so indelibly has he left his principles on 
its aims and policies, that few outside the industry 
today realize that prior to the founding of Oxford he 
originated and organized the International Paper Co., 
in 1898, and became its president in that same year. 

International Paper Co. is still the largest and most 
complex pulp and paper manufacturing organization 
in the world, operating in both Canada and the United 
States and making a wide variety of products from both 
northern and southern species. Some observers of 
the industry have commented that the advent of 
International marked the beginning of the modern 
pulp and paper industry in management and organiza- 
tion as clearly as the first sulphite wood pulp is said 
to have marked its modern phase technologically. 

At the end of the last century pulp and paper stood 
on the threshold of vastly wider responsibilities to the 
American economy. Ever greater demands were be- 
ing made of the industry as an instrument of social 
usefulness. These basic facts, as we have seen, were 
very much on my father’s mind. From boyhood he 
had been watching these changes at their very base; 
he had seen them fomenting and expanding in the great 
markets for paper. 

Newsprint was then the greatest segment of the 
industry in this Country, particularly in New England 
and upper New York State. The newsprint industry 
had not migrated, to the present extent, into Canada. 
Newsprint. from southern pine was as yet unknown. 
Hugh J. Chisholm knew that careful planning and 
organization were necessary to the paper industry if 
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For kraft that retains 
superior brightness 
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THROUGH DELIVERY 


AND CONVERSION :ececcccccccce 


USE THE DU PONT PEROXIDE BLEACHING PROCESS 


High initial brightness plus maximum brightness 
retention—that’s the profitable combination offered 
to producers of market pulp by the Du Pont Per- 
oxide Bleaching Process, 

This inexpensive process bleaches sulfate pulp to 
brightness values of 85-88 G.E. units, and imparts 
unmatched brightness stability that lasts through- 
out storage and shipment—right into the finished 
product. 


DU PONT PEROXIDES 


SOLOZONE® sodium peroxide 


ALBONE® hydrogen peroxide 


OU PONT 


REG.uU.S. PAT. OFF 
BETTER THINGS FOR BETTER LIVING... 
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THROUGH CHEMISTRY 


Whether you manufacture market pulp, or bleach 
sulfate pulp for your own papermaking needs, you 
can profit with the Du Pont Peroxide Process. It’s 
simple to install, and in most cases only minor 
modifications of existing equipment are necessary. 

For details about the Du Pont Peroxide Bleach- 
ing Process, get in touch with your Du Pont repre- 
sentative, or send coupon today for your free copy 
of “Peroxide Bleaching of Sulfate Pulp.” 


> ao! eae ~ 
E. I. du Pont de Nemours & Co. (Inc.) T-10 
Electrochemicals Dept., Peroxygen Products Diy. 
Wilmington 98, Delaware 
Please send me free booklet “‘Peroxide Bleaching 


of Sulfate Pulp.” 


Pere, ; 
Ride 
*leathing 
of 


mi® 


Firm 


Position 
Address 
City 


| 
| 
| 
| 
| 
Name 
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the challenge of the approaching century was to be 
met with anything like full strength. 

Accordingly, he sought as associates A. N. Burbank 
and W. A. Russell, and with these two men brought 
together 20 pulp and paper mills in Maine, Massa- 
chusetts, New Hampshire, Vermont, and northern 
New York. 

That is very easily stated, but this audience will 
appreciate what a Herculean task of organization and 
planning for distribution of products was involved. 
The bulk of production represented by these mills was, 
of course, newsprint; and they were producing about 
60% of the newsprint used in this Country. 

The strain of that task and the energy required for 
it are possibly reflected in the death of Mr. Russell 
who succumbed on July 27, 1898, less than 5 months 
after sueceeding to the presidency Mr. Burbank, who 
had resigned on January 31 of that year. 

Hugh J. Chisholm, then first vice-president, became 
acting president until August 24 when be was voted 
unanimously into the presidency by the board of the 
new company. He was president of International 
from that date until Oct. 30, 1907, when he resigned to 
become chairman of the board. 

It was on Noy. 27, 1909, that he resigned all duties 
with International to become in the following year 
president of Oxford Paper Co. 

On the occasion of its own fiftieth anniversary, the 
International Paper Co. paid official respects to the 
founding mills and to its one-time president’s concept 
in bringing the various managements together, re- 
ferring to it as “fa period of transition from the tradi- 
tional papermaking of the early newsprint mills to the 
modern era.” 

That bridge from the old to the new conception of 
pulp and paper manufacturing was precisely what Mr. 
Chisholm wanted to erect in those earlier days of “IP” 
reaching for a broader base on which to operate. 

A somewhat amusing characterization of my father 
in the formative years of International was written 
to me not long ago by one of their vice-presidents. He 
recalled. “T have heard all sorts of stories about your 
father, some true and some incorrect. I knew him 
better than I have known any other president of this 
company. He was indeed a dynamo. He would run 
out to Chicago quite frequently and sometimes would 
decide that I must return to New York with him at 
once. Without even a bag or tooth brush, I’d find 
myself picking up what I needed on the way to the 
train.” 

Today the great International Paper Co. operates 
20 mills in the southern and northern United States 
and in Canada. It is a $450,000,000 company pro- 
ducing 4,000,000 tons of pulp, paper, and board 
products annually. Those products create total sales 
of over $600,000,000 a year. 

Like those who came to the management of Inter- 
national Paper Co. later and were to develop it into 
the fine institution it is today, this experienced and 
imaginative papermaker soon began to think in terms 
beyond newsprint. 

He had seen the Falls at Rumford and had been 
visualizing paper production there. He was to become 
instrumental in the building of the Rumford Falls 
Paper Co., using the power of the Falls; and this news- 
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print mill became a part of the original International 
combine and was in later years converted to pulping 
operations for Oxford. 

Now, asa vital part of the plan he dreamed for Rum- 
ford, he envisioned a papermaking plant of a very 
particular kind. It would devote itself to papers for 
magazines, book publishers, modern printing establish- 
ments, and to an ever broadening and changing market 
represented by American business and industry in 
general. 

_ And it would be known as Oxford Paper Co. because 
its site would certainly be at Rumford which lies in 
Oxford County in the State of Maine. 

The 10 years of patient and painstaking negotiations, 
involving literally hundreds of small parcels of land 
around the Falls at Rumford, were at length com- 
pleted. Then, with 1400 acres which assured the use 
of the Falls and adjacent water rights, the organization 
of the Rumford Falls Power Co. was undertaken in 
1890. This was the nucleus from which the new city 
of Rumford was to grow. 

President Chisholm’s frequent presence in Rumford 
in those days were concerned chiefly with the planning, 
as he later said, ‘for the best utilization of the power.” 
He had observed that probably the highest efficiency of 
the Falls was not to be obtained by setting manu- 
factories along the river side, but by a system of canals. 
Forthwith he had made a plaster cast of the whole 
area—it may still be seen in the lobby of the power 
company offices at Rumford—and on this he planned 
where the canals should go, pasting on the cast strips 
of tissue paper to indicate the exact locations. 

About this phase of his activities, Judge Putnam of 
the United States District Court of Portland once said: 
“Apparently proper account is not taken publicly of 
the fact that Hugh J. Chisholm possessed and exercised 
wonderful mechanical, engineering, and constructive 
genius. It was especially in hydraulics, one of the most 
dificult and perplexing sciences of the day, that he 
excelled.” 

The availability of 52,000 new horsepower would be 
of little meaning at Rumford without transportation 
facilities and in these it was still sadly lacking in 1890. 

With characteristic directness combined with his 
ever-present patience and determination, Hugh Chis- 
holm had been working on the problem. In the year 
that the power company was organized he gained con- 
trol of the nearly defunct Rumford Falls and Buckfield 
Railway. This line he extended from Gilbertville to 
Rumford, a distance of 17 miles. Reorganizing the 
line under the name of the Portland and Rumford Falls 
Railway he then extended it from Mechanic Falls, 
where it met the Grand Trunk Railway, to Rumford 
Junction in the town of Auburn where it connected 
with the Maine Central Railroad. Now Rumford had 
two connections with points east and west where 
formerly it had none. 

Five years later, in 1895, this man of vision organ- 
ized the Rumford Falls and Rangely Lakes Railroad 
Co. This line extended from Rumford to Bemis on 
Rangely Lakes and was primarily for transportation of 
wood. In 1907, the properties of both roads were 
leased to the Maine Central and subsequently were 
sold outright to that company. 

The Oxford Paper Co. was formally organized at a 
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A 12-FooT YANKEE DRYER, weighing 92,000 pounds, is delicately loaded onto a flatcar at Beloit Iron Works, Beloit, 


Wisconsin. Years of design and manufacturing experience go into the production of these huge cylinders, each ground 


oe ek are OE eR LN Le RR! he een Loe om ny Oe Sey Be wig, Ee eR yer Cams Ups Ata eek ae Vena WS Fe CR En tee EN Ee pee le Suen on DERE oes e Cea Saye Th Shee cok et enon elevates Thier [ee 


meeting in the Falmouth Hotel at Portland, on Dec. 7, 
1899. My father’s dream of a paper mill that would 
be integrated in the fullest sense was now beginning 
to take tangible shape. 

The first board of directors of Oxford was a most 
interesting cross section of the interest of New England. 
Indeed, for that day, it was a cross section of the basic 
commercial enterprises of the whole Country. 

Hugh J. Chisholm at this time was, as we know, 
president of International Paper Company. Whitney 
P. Cox was president of A. F. Cox and Sons, shoe 
manufacturers; Ami Whitney, owner of Kendall and 
Whitney, distributed agricultural machinery and sup- 
plies throughout the Northeast; Charles W. Gardner 
was a promoter of industrial enterprises with wide 
experience in manufacturing fields; Fred E. Richards 
was head of Union Mutual Life Insurance Co.; A. N. 
Burbank was a member of the board of International 
Paper Co.; John E. Burnham headed Burnham- 
Morrill, food canners; Jonathan Bulkley was presi- 
dent of Bulkley Dunton and Co., then as now a lead- 
ing international paper merchant organization; and 
Waldo Pettingill was a farmer, teacher, and civil engi- 
neer and an official of the new Rumford Falls Power Co. 
They were Maine men with the exception of one 
Bostonian and two from New York City. 

The capitalization was for half a million dollars, 
all subscribed. By-laws were adopted at this first 
meeting, and next day the Attorney-General of the 
State of Maine certified the organization. A week 
later the board instructed Mr. Pettingill and Mr. 
Gardner to start plans for the mill at Rumford. 

On December 19, a contract was drawn up with 
Tower and Wallace which provided that this firm 
supervise the erection of a two-machine mill together 
with a soda pulp mill which would have a daily capacity 
of 80 tons. In addition there was to be a sulphite 
pulping operation of 20 tons a day. 

The following spring the work at Rumford was well 
along. Meanwhile our founder was busy studying the 
publishing market and although the mill was not com- 
pleted until October of 1901 it was decided, on Sept. 
6, 1900, to increase the capacity to four, instead of two, 
paper machines, and to purchase additional soda and 
sulphite pulping digesters, together with the necessary 
equipment for the operation of an additional unit. 

Soon after this vote for expansion, taking place a 
year before completion of the mill, Oxford negotiated 
with the government to supply all post cards sold 
through the post offices. It was then the most valuable 
contract in the whole book paper trade. 

The first “cook’”’ of soda pulp occurred on Noy. 9, 
1901, and the operation of sulphite pulping began 8 
days later. Oxford’s first shipment of paper was con- 
signed to Bulkley, Dunton and Co. in New York City, 
2 days after it rolled from the machines on Nov. 19, 
1901. 

The Oxford Paper Co. was off to an auspicious start, 
but the first few years were not all easy sailing. There 
needed to be almost constant improvement and plant 
enlargement. Consequently the demand for capital 
was great and continuous. Hugh Chisholm was still 
devoting vital attention to International Paper Co., 
but Frank E. Tufts, an early treasurer of the Oxford 
Paper Co. has left a revealing footnote as to the avail- 
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ability of Mr. Chisholm when Oxford stood in trouble. 

Describing an oft-repeated scene, Mr. Tufts wrote 
a few months before his death in 1933: “Hugh J. 
Chisholm never failed to show splendid courage in back- 
ing his conviction and intention that Oxford must 
stand at the front in the production of fine book papers.” 


When Hugh J. Chisholm resigned from International _ 


and, in 1910, took over the presidency of Oxford the 
latter had made remarkable capital progress, had ex- 
panded several times, and its usefulness and service 
were well established in the exacting markets it had 
set for itself. 

In that first full year of the new president’s leadership 
it began to show a profit. Through all the years since, 
including two world wars and two major depressions, 
Oxford has continued to show a profit. 

Hugh J. Chisholm died on July 8, 1912, at the age 
of 66. 

He had lived to see an assured future for the town 
of Rumford, which he had created out of the wilderness 
of 1882, and for the Oxford Paper Co. on which he had 
come to focus his keenest interest in his later years. 
At the time of his death, Oxford had already grown 
from a two-machine mill to one running eight paper 
machines and was producing 63,000 tons of pulp and 
44,000 tons of paper annually. 

And Rumford, the sleeping farm community this 
keen-visioned pioneer had resolved to bring into new 
life, had become what it is today: a model manufactur- 
ing community, unique in the annals of industrial cities. 

It seemed to me then, and it seems to me now almost 
half a century later, that in planning the new Rumford 
my father had in mind the theme voiced by a speaker at 
the dedication of the Mechanics Institute which he 
caused to be built there in 1911 for the use of mill em- 
ployees. 

I refer to the phrase: ‘Industry is for man, not man 
for industry.” 

The thought and planning which gave rise to that 
phrase, also enabled the president of Bowdoin College 
to say of him that “with all his vision and energy he 
combined a deep sense of responsibility for the benefi- 
cent use of his powers and resources, and a kindly and 
generous interest in the welfare of those who through 
their labors were associated with him in his enterprises.” 

Inevitable changes have taken place in Oxford during 
the 40 years since Mr. Chishom’s death. I am deeply 
confident that he would have approved them, for all 
have been based on the conviction and determination 
which the company has inherited—namely, that Oxford 
shall stand in the front in the production of fine book 
papers. 

One of the major changes has been the extension of 
our manufacturing interests into the Miami Valley 
of Ohio, where paper has been manufactured for many, 
many years. In 1927, Oxford purchased control of the 
Miami Paper Co. at West Carrollton, Ohio. Now a 
wholly-owned subsidiary, it is known as the Oxford 
Miami Paper Co. 

Its history antedates that of Oxford. Paper was 
first made there from straw, in 1871. Soon after that, 


both straw and rag papers were made; then, as time — 


went on, the use of wood pulp was introduced. 
Both West Carrollton and Rumford have seen vast 
changes take place in the pulp and paper industry and 
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how we 


do it 


White water from a paper mill is tested for foam- 
ing in the Nopco laboratory. In only 10 seconds 
the solution shows a degree of foaming dangerous 


to good sheet formation. 


Nopco well knows that an excellent defoamer in 
one paper mill may be an indifferent performer in 
another. Since our aim is always to reduce foam- 
ing to the minimum under any conditions, we 
have set up testing techniques which in effect 
“bring your mill into our laboratory.” 


We do this by testing samples of white water 
from your mill, with every potentially effective 
defoamer—including if you like, the one you are 
now using. When we have finished these exhaus- 
tive and accurate tests, we are able to determine 
scientifically which defoamer will give your mill 
the best fibre distribution, fewer breaks, higher 
machine speeds, and improved sheet formation 
that is your due. 


October 1955 Vol. 38, No. 10 


do we bring your mill 
into our laboratory? 


the defoamer Nopco will recommend. 


Nopco, the very first to make a chemical de- 
foamer for the pulp and paper industries, has an 
unrivalled wealth of first-hand experience—and 
the widest variety of defoamers, both paste and 
liquid. Why not make sure you have the best pos- 
sible defoamer, by consulting Nopco today? 


Nopco Chemical Co.,428 Water St., Harrison, N.J. 


PLANTS: Harrison, N. J. © Cedartown, Ga. ¢ Richmond, Calif. 


After repeated tests of the white water with differ- 
ent defoamers, a Nopco defoamer is found which 
even after 4 minutes gives almost no foam. This is 
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TENNESSEE sie CORPORATION 


Sulfur Dioxide is producing a more efficient and 


economical operation in certain processes of the 
pulp and paper industry. Tennessee’s Liquid 
Sulfur Dioxide is most effective in pulp treat- 
ment to prevent color reversion, and it Fes 
certain undesirable materials easier to wash out 


of the pulp. 


If, in your processing, you can use a superior 
reducing or bleaching agent, antichlor, pH con- 
trol or neutralizer... you can expect excellent 


results from Tennessee’s Liquid Sulfur Dioxide. 


4 mm the use of this versatile 
SQe product in your processing. 


617-629 Grant Building, Atlanta, Ga. 


are justly proud of a company tradition which has 
contributed its part to many of the most important of 
those changes. / 

Pulp and paper now represent the sixth industry in 
the United States. In the viewpoint of modern 
economists they are even more important than this’ 
rank would indicate. In both world wars they have 
been classified essential by the government, Just as 
have steel and copper and similar basic products. 
The per capita consumption of paper today in the 
United States is almost 400 Ib. for every man, woman, 
and child in the Country. That is virtually double 
the per capita consumption of 1926. And_ parallel 
with population growths, new uses for paper are being 
discovered and successfully marketed almost every day. 

Today, pulp and paper are exactly what Hugh J. 
Chisholm foresaw they would become at the turn of 
the century: a very scientific industry, so organized 
and so arranged technically to keep pace at all times 
with the vast and complex economy it serves. 

Now—as the Oxford Paper Co. enters its fifty-fourth 
year—it is one of the Nation’s largest producers of book 
paper, currently accounting for about 8% of the total 
output and operating the world’s largest book paper 
manufacturing plant under one roof. 

Today, the combined daily output at Rumford and 
West Carrollton makes an interesting comparison 
with the daily capacity contemplated by the founders 
of Oxford in 1899. They planned on 44 tons, which 
was of course a sizable daily output then. Now the 
combined Oxford production is 750 tons of paper a day, 
roughly enough to fill 38 freight cars. The Rumford 
facilities, which create 80% of the production, now 
include 13 paper machines. 

A moment ago I referred to the fact that Oxford is a 
fully integrated operation. I meant that this inte- 
grated manufacturing reaches from forests to finished 
product quite literally. It includes not only adequate 
production of wood pulp, but also water and power. 
It embraces not only the procurement and utilization of 
wood species abundantly growing in Maine, but the 
manufacture of some of our chemicals as well. 

And, while Oxford is well past the half century mark, 
it remains as vigorously progressive as the founder and 
his associates intended. Only recently, Oxford com- 
pleted a postwar capital investment amounting to 
nearly 20 million dollars. Historically a solid com- 
pany, Oxford has reset its financing in preparation for 
the more competitive period which may lie ahead for 
all business and industry. 

The nature of the pulp and paper industry is such 
that the average American family rarely is aware who 
makes its paper—even though it may use more than 
half a ton of it each year. 

But the makers of many quality products preferred 
by the American family—the builders of great maga- 
zines, the publishers of distinguished books, the 
packagers of good foods, the makers of products that 
are household words, the converters of paper to a 
thousand and one uses for business and industry, and 
the men who carry on the fine and gentle art of print- 
ing—these people know the Oxford Paper Co. 


Phis Newcomen Address, dealing with the life and work of Hugh J. 
Chisholm (1847-1912) and with the history of Oxford Paper Co., was 
delivered at the ‘1952 Maine Luncheon’ of The Newcomen Society of 
England, held at Hotel Lafayette, in Portland, Me., U.S.A., when Mr. 
Chisholm was the guest of honor, on Dec. 12,1952. 
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Gives Positive 
tock Delivery 
Control 


No need to regulate pump speed using 
Allis-Chalmers new proportioning pump. 
Key to this revolutionary ACAP pump 
is an internal bypass mechanism — 
bolted on the inlet of a single-suction 
pump. Bypass mechanism can be con- 
trolled automatically or manually to reduce 
flow of stock when needed. 


Provides Agitated Stock Flow 
This pump gives positive, accurate control 
over paper stock delivery. It also permits 
you to maintain constant agitated recircu- 
lation for blending purposes without af- 
fecting uniform delivery of stock. 


Get complete details on the new ACAP 
pumps for proportioning, fan service or 
head box supply. Contact your nearby 
district office or write Allis-Chalmers, 
Milwaukee 1, Wisconsin. 


_L- ie 


Operates at any point on the curve 
No Valves to clog or clean 


Adjustment of the actuating mechanism slides 
the bypass cylinder toward or away from the 
impeller. The clearance between pump end of the 
cylinder and the impeller determines the amount 
of stock recirculation — regulates the flow at the 
discharge nozzle. 


At Position A (see diagram) outlet flow is at 
maximum, recirculation slight; at Position B, 


outlet flow isminimum, recirculation is maximum. 
A-4773 


| | 
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ACAP is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 
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Miakes The Big 
Difference In 


DRYER FELTS 


*Asbestos yarns woven into the face of patented Woodberry 887 dryer 
felts at scientifically determined intervals give you longer wear and 
smoother operation. Paper mills have learned to count on lowered 
steam consumption and consistent quality with Woodberry 887. For 
dryer felts that are low on cost, high on performance, specify 
Woodberry 887. 


Wi. Veruou- 
Woodberry Uills 


TURNER HALSEY 


COMPANY 


Main Office: 40 Worth St. *» New York 


Branch Offices: Chicago * Atlanta « Baltimore » Boston * Los Angeles 
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One of a series of comprehensive 
laboratory controls throughout 
production to assure uniformity in 
all Mt. Vernon-Woodberry prod- 
ucts. Here fabric thickness after 
weaving is being gauged. 
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which strength should you buy ? 


Here are the facts to help 
you decide which saves 
you more—50% or 73% 


Can you save by switching from 50 to 
73% liquid caustic? Your answer will 
depend on: 

1. Your caustic soda freight rate. 

2. Your facilities for handling caustic. 
3. The amount of caustic you use. 


Advantages of 73% liquid 


1. With 73%, there is a substantial 
saving in freight charges. 63% less 
water is shipped per unit weight of 
dry caustic soda. 

2. You will place fewer orders. This 
cuts down on your billing work. 


Disadvantages of 73% liquid 


1. It is priced $2.00 more per ton (dry 
basis) than 50% because of higher 
manufacturing costs. 

2. If you store it as 73% liquid, you 
will need heated, nickel-clad steel 
storage tanks. 

3. If you dilute 73% to 50% while 
unloading, you will need a cooler 
and other equipment. This repre- 
sents a considerable investment 
which can be reduced if you have 


NIAGARA FALLS * TACOMA * MONTAGUE, MICH. * NEW YORK * 
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suitable equipment already on 
hand. 


Use this table to see if you 
can save with 73% 


Use the table at right to find your 
approximate saving on freight charges 
with 73% liquid caustic. The table 
balances two cost factors . . . lower 
freight charges and the higher initial 
price of 73% liquid caustic. 

To estimate your yearly savings, 
multiply the figure in the right-hand 
column which applies to you by your 
annual consumption in tons (dry 
basis). 

From these savings you will have to 
deduct the cost of equipment for 
diluting to 50% while unloading. 


Freight rate per 
hundred weight 


in cents 


Net savings per 
ton (dry basis) 


(including taxes ) EES 
5 minus 1.40 
10 minus .80 
1) minus .10 
16 0 
20 .60 
25 1.20 
30 1.80 
35 2.40 
40 3.00 
45 32/0 


HERE’S HELP—WITHOUT COST 


You gain much by choosing the 
right strength for your conditions. 
In coming to a decision, why not 
give yourself the advantage of 
unbiased expert technical help? 
A call to your nearest Hooker 
sales office puts at your disposal, 
without obligation, the experi- 
ence gained in 50 years of supply- 
ing caustic soda to industry. 
Your Hooker technical service 
man can show you what equip- 
ment you need for converting, 


and help you figure your exact 
savings. Why not phone or write 
him today at the nearest Hooker 
office? 


* * * 


““CAUSTIC SODA BUYER’S GUIDE” is the 
title of a new pocket-size booklet we 
will be glad to send you. Contains 
helpful facts on the economics of 50% 
and 73% solutions; other forms of 
caustic soda; capacities of tank cars 
and other containers; useful ship- 
ping information. Write for a copy. 


1905—Half a Century of Chemicals 


From the Salt of the Earth—1955 
HOOKER ELECTROCHEMICAL COMPANY 


4704 Buffalo Avenue, Niagara Falls, N. Y. 
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CHICAGO * LOS ANGELES 


Business is booming, and business 
papers preserve essential records. 
Deeds and contracts—orders and 
acknowledgements—checks and 
invoices—forms for every situation... 
creating order where all might be 
chaos—contributing to clarity, 
communication, and efficiency— 
minimizing errors to protect buyer and 
seller, property and production, and 
keep business thriving. 


And in at the start of business papers— 
in every field where paper goes to 
work... Fourdrinier wires. Appleton 
Wires. Good wires—by a 59-year test 
of industry-wide acceptance and use. 


General Offices, Appleton, Wisconsin 


Plants at Appleton, and Montgomery, Alabama. 


Appleton Wire Works, Inc. 
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MIXING IMPELLER produces a distinctive 
pattern of flow and shear. The pattern is 
directly related to process results. 


Mixers 


MIXCO 


ACP, Pet 


Why this flow pattern works for you 


when you mix fluids 


You're looking at a “pattern for prof- 
it,’ set in motion by the whirling 
blades of a fluid mixing impeller. 

Whenever and wherever you mix 
fluids in a tank, a pattern like this 
works for you—or against you. 

When it works for you, you get 
uniform coatings, at low cost. You 
get a smooth-running starch system. 
You get stock of good consistency, 
right through to the headbox, with a 
minimum of contro] measures. 

How do you make it work for you? 
That’s the $64 question. It involves 
knowing just how big to make the 
impeller, for optimum fluid flow in 
the vessel; just how fast to rotate it, 
for the right degree of turbulence. 
And how to get both with the least 
power input. 


S e .® ° sel; installation 

lghthin e hints; full description of LIGHTNIN 

< Mixers. Free—no obligation. Just 

check data you want, tear out and 

mail to us today with your name 
and company address. 


fluid mixing specialists 


October 1955 Vol. 38, No. 10 


Get these helpful facts on 
3 mixing: cost-cutting ideas on 
mixer selection; best type of ves- 


We’ve spent 25 years studying the 
process results produced by this im- 
peller, and by modifications of it. 
Learning what this flow pattern can 
do—to make sure you get the right 
“pattern for profit” in your tanks and 
stock chests. 

We've reached a point where we 
can guarantee fluid mixing results, 
unconditionally. In some cases, we 
can save you as much as 40% on in- 
itial mixer cost, by eliminating the 
need for excessive horsepower. 

If you think “profit-pattern’”’ mix- 
ing is worth looking into before you 
select any more fluid mixing equip- 
ment, get a headstart now by calling 
in your LIGHTNIN Mixer representa- 
tive. (His name is in your copy of 
Thomas’ Register.) Or write us today. 


tory Mixers 


Eid operating (_] B-102 Top Entering Mixers 


(_] B-103 Top Entering Mixers 
(propeller types) 


(_] DH-50 and DH-51 Labora- 


(turbine and paddle types) 


[_] B-104 Side Entering Mixers 


GET UNIFORM MIXING, 


rapidly, in any 
size tank, with LIGHTNIN Mixers like these. 


Hundreds of power-speed combinations. 


Sizes 1 to 500 HP 


NO STUFFING BOX TO REPACK on 
LIGHTNIN Side Entering Mixers equipped 
with new rotary mechanical seal that runs 
for years, but is easy to replace if necessary. 
A maintenance cost-saver on rectangular 
chests and other large tanks. Sizes 1 to 
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The Operation of Paper-Products Machines 


Occupational Hazards to Young Workers 
SHELDON W. HOMAN 


Tue Fair Labor Standards Act of 1938, as amen- 
ded, in addition to its basic minimum wage and over- 
time provisions which apply to all workers, contains 
special provisions relating to child labor. These pro- 
visions establish a minimum age of 16 years for general 
employment, and an 18-year minimum age for such 
occupations as the Secretary of Labor shall find and de- 
clare to be particularly hazardous for minors of 16 and 
17 years of age, or detrimental to their health or well- 
being. , Findings and declarations by the Secretary of 
Labor afte based on investigations made by the Bureau 
of Labor Stahdards and are in the form of ‘‘Hazardous- 
Occupations Orders,’’ which are issued after public 
hearings have been held on them. The effect of such 
orders is to raise the minimum age for employment to 
18 years in the occupations they declare hazardous. 


This report presents the findings of an investigation 
of the hazards to minors in operating a group of power- 
driven machines used in the converted paper-products 
industry. These machines are used to convert paper 
into other products such as packaging materials, con- 
tainers, stationery, and the like. The purpose of the 
investigation is to determine which of these paper-prod- 
ucts machine operations is sufficiently hazardous to 
warrant application to them of the 18-year employ- 
ment minimum. 


Occupations involved in the operation of paper- 
products machines were selected for study because 
some of these machines are known to cause serious 
injury. Moreover, a considerable number of 16 and 
17-year-old boys and girls are believed to be em- 
ployed in industries using paper-products machines. 
It is estimated that in 1950 between 5000 and 6000 
minors under 18 years of age were employed in estab- 
lishments manufacturing converted pulp and paper 
products.— An unknown, though probably substan- 
tial, proportion of these minors were undoubtedly en- 
gaged in work on or in connection with paper-products 
machines. In addition, minors under 18 years of age 
are employed on paper-products machines used in many 
other industries. 


That young people under 18 years of age are en- 
gaged in work on paper-products machines is also evi- 
denced by statistics and case histories of injuries to 
minors working on such machines. Examples of acci- 


SHEeLpon W. Homan, Division of Safety Standards, Bureau of Labor 
Standards, U. S. Department of Labor, Washington, D. C 


* This report (United States Department of Labor Bulletin No. 181) of 
the hazards to 16- and 17-year-old workers in operating power-driven paper- 
products machines served as the factual basis for Hazardous-Occupations 
Order No. 12 issued Aug. 6, 1954, and effective Sept. 11, 1954. The order 
declares as particularly hazardous the operation of certain machines used 
in the paper-products industries; and in effect establishes an age minimum 
of 18 years for employment in operating the machines. 


tiEstimated by the Bureau of Labor Standards from unpublished data 


furnished by the Bureau of Old Age and Survivors Insurance, and average 
employment figures published by the Bureau of Employment Security. 
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dent cases coming to the attention of the Bureau of 
Labor Standards are given below. 

1. A 17-year-old boy was working on a band saw 
in a paper box factory. As he turned around, he caught 
his right arm in the blade, and his hand was cut off at 
the wrist. 

2. A boy of 16, a helper in a factory manufacturing 
paper products, accidentally caught a finger in a die 
press. He suffered 40% permanent-partial disability 
of the finger. 

3. A17-year-old stock boy in a paper-products plant 
caught his fingers in the gears of a tube-cutting machine. 
He lost 10% of the use of his ring finger. 

4. A 17-year-old girl, working as a machine operator 
in a paper bag plant, tried to clean the cutting bar on a 
bag-maker while the machine was running. She 
suffered a severe injury to her index finger. 

In one State, North Carolina, according to work- 
men’s compensation statistics, 18 minors under 18 
years of age were reported injured on paper-products 
machines during the 3-year period July, 1947 through 
June, 1950f. 


METHOD AND SCOPE OF STUDY 


In this study, investigators drew information from a 
number of sources. Plants were visited in a number of 
States where converted paper products are manufac- 
tured. Machine hazards were studied under different 
operating conditions and their danger discussed with 
plant safety personnel. Statistical evidence of the 
hazards of the machines was obtained when available. 
State child-labor laws and regulations were analyzed to 
see what restrictions they set on the operation of such 
machines by minors under 18 years of age. Safety 
engineers employed by trade associations or manu- 
facturing companies were consulted during the course 
of the investigation and careful consideration was given 
to the opinions of all persons interviewed. 

This investigation covered the hazards of work asso- 
ciated with the operation of machines used to re- 
manufacture paper or pulp into an end product whether 
or not such machines were operated in establishments 
primarily engaged in manufacturing paper or pulp prod- 
ucts. In this report, such machines will be termed 
“paper-products machines.” 

Paper-products machines are chiefly to be found in 
plants that remanufacture or convert paper or pulp into 
a finished product. Some of the identical machines, 
however, are used in establishments which are primarily 
engaged in other types of business. For example, guillo- 
tine paper cutters are used in many industries, even 
nonmanufacturing industries, where sheet paper is cut 
to a smaller size. And the same kind of printing press 


t North Carolina Industrial Commission: Tenth and Eleventh Biennial 
Reports. 
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may be used in a job printing shop as in a factory mak- | 
ing set-up or folding paper boxes. The scope of this in-, 
vestigation includes such machines wherever they are 

Conversely, machines which are not paper-'. 


found. ; 
products machines are not included in the scope of this 
investigation even though they are operated in a paper- 


products plant. For example, a milling machine used - 


in the making of dies would not be within the scope of 
this investigation. 

The widest variety of paper-products machines is to 
be found, of course, in the converted paper-products in- 
dustry. This investigation, therefore, has concen- 
trated on the study of the kinds of paper-products 
machines used in that industry. The specific industries 
classed as paper-products manufacturing in the Stand- 
ard Industrial Classification Manual, are the following: 

Paper Coating and Glazing. Establishments prima- 
rily engaged in manufacturing coated and glazed paper 
from purchased paper. Important products of this in- 
dustry include coated-book, waxed, and gummed paper 
(including gummed labels, and paper and cloth tape) 
waterproofed wrapping paper, fly paper, and cloth-lined 
paper. 

Envelopes. Establishments primarily engaged in 
manufacturing envelopes of any description from pur- 
chased paper. 

Paper Bags. Establishments primarily engaged in 
manufacturing paper bags from purchased paper and 
similar materials. Important products of this industry 
include kraft paper bags for groceries, shipping or 
heavy-duty paper bags or sacks for cement, flour, coal, 
etc., and glassine bags, cellophane bags, and miscellane- 
ous merchandise bags. 

Paperboard Boxes: Folded, Setup, and Corrugated. 
Establishments primarily engaged in manufacturing 
paperboard containers or boxes from purchased paper- 
board or fiber stock. Important products of this indus- 
try include folding paper boxes; setup boxes; corru- 
gated solid fiberboard boxes; decorated, lithographed, 
lacquered, and fancy covered paperboard boxes; ciga- 
rette and confectionery boxes. 

Fiber Cans, Tubes, Drums, and Similar Products. Es- 
tablishments primarily engaged in manufacturing fiber 
cans, cones, cores, mailing cases, ribbon-blocks, spools, 
tubes, drums, and similar products with or without 
metal ends. 

Die-Cut Paper and Paperboard and Cardboard. Estab- 
lishments primarily engaged in die-cutting purchased 
paper and paperboard, and in manufacturing cardboard 
by laminating, lining, and surface-coating paperboard. 
Important products of thisindustry include paper bottle 
caps and tops; index, jacquard, library and other cut 
cards; cut-outs; photograph folders, mats, and 
mounts; stencil cards for addressing machines; and 
cardboard panels and pasted chipboard and newsboard. 

Wallpaper. Establishments primarily engaged in 
designing, printing, and embossing paper for interior 
walls and ceilings. 

Pulp Goods, Pressed and Molded. Establishments 
primarily engaged in manufacturing all kinds of pressed 
and molded pulp goods, such as pulp plates and utensils, 
and papier-maché articles other than statuary and art 
goods. 

Converted Paper Products Not Elsewhere Classified. 
Kstablishments primarily engaged in manufacturing 
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from purchased paper, miscellaneous converted paper 
products not elsewhere classified, such as stationery, 
papeteries, crepe paper and crepe paper products, paper 
napkins, doilies, and towels, playing cards, drinking 
straws, printed and unprinted paper patterns, egg-case 
fillers, laminated building boards and papers, cups, 
plates, and utensils, toilet paper, confetti, and paper 
novelties. 

The Standard Industrial Classification Manual from 
which these manufacturing groups are taken, refers to 
‘purchased paper” meaning that the plant does not 
manufacturing its own paper. For the purpose of this 
report, whether the manufacturer of the paper product 
produces or buys paper is of no importance. And, as 
previously stated, the report is intended to cover the 
use of paper-products machines wherever such machines 
are used. 


KINDS OF OCCUPATIONS AND MACHINES 
CONSIDERED IN THIS INVESTIGATION 


The kinds of occupations covered in this investigation 
are those involving work on or in connection with 
power-driven machines used in manufacturing a prod- 
uct from paper or paper pulp. And as previously stated, 
such machines are covered whenever they are operated, 
whether in a plant devoted entirely to the manufacture 
of converted paper or pulp products, or in a plant that is 
primarily engaged in some other type of business. 

Conversely, the investigation is not concerned with 
non-machine operations, such as hand stripping or box 
blanks or work in the shipping department of a corru- 
gated box plant. Also, the investigation does not cover 
any of the operations entering into actual manufacture 
of pulp and paper from wood or rags. 

There are literally hundreds of different types or 
kinds of machines used in the converted paper-products 
industry. Many of these are special machines designed 
to perform a specific operation The machine is used 
for no other purpose and would not be found in another 
segment of the industry. Other machines are of a 
general nature; they might be found in any branch of 
the paper-products industry or, indeed, in other indus- 
tries. 

While there are many kinds and types of paper 
products machines, they follow a general patterninsofar 
as their function is concerned. A list of the principal 
types of machines by function or by the type of product 
they produce is as follows: 

Bag machine, bag-making machine 

Bottoming machine (bags) 

Box-making machine (collapsible boxes) 

Bundling machine 

Calender roll and plating machines 

Clasp machine, eyelet machine 

Counting, stacking, and ejecting machine 

Corner cutter 

Corner stayer 

Corrugating machine 

Corrugating and single and double facing machines 

Covering, lining, or wrapping machines (setup boxes) 

Creping machine 

Cut-off machine 

Dornbusch machine (Wallpaper) 

Ending machine (setup boxes) 

Envelope machine 

Folding machine 

Gluing, sealing, or gumming machine 

Guillotine cutter 

Hole punching, drilling, or rotary perforating machines 

Interfolding machine ; 

Jogging machine 
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Lacer machine 

Laminating or combining machine ; 
Merchandise-marking, pin-ticket, and shipping tag machines 
Parchmentizing, waxing, or coating machines 
Partition assembling machine 

Partition saw 

Patching machine 

Paper cup machine 

Printing press 

Die press 

Quadruple stayer 

Rewinder 

Ruling machine 

Scoring machine 

Scrap baler 

Sheeting machine 

Slitting machine 

Slotting machine 

Straw winder 

Stripping machine 

Taping machine 

Tube cutting machine 

Tube winder 

Tube machine (paper bags) 

Window patch machine 

Wire stapling or stitching machine 

Wire or tag stringing machine 


. 

The fore roing names are in most cases, the names of 
machines b¥ function. In some cases these are individ- 
ual machines; in others they are a unit of a com- 
bination machine which performs more than one func- 
tion. In the mass production of paper products several 
functions are usually combined in a single machine; 
thus a machine may perform the functions of scoring, 
folding, and gluing. Various combinations of func- 
tions are incorporated in the production types of ma- 
chines, depending upon the kind of product and the 
quantity to be manufactured. Usually, the greater 
the quantity (the longer the run) the more fully auto- 
matic the machine, and the more functions are per- 
formed by the machine. 

Like machines are not always given the same names 
in different branches of the industry. What is ordi- 
narily referred to as a guillotine cutter in most branches 
is sometimes known as a “straight knife’? in other 
branches. Machines are sometimes named after the 
product they produce, rather than their basic function. 
Thus a “pin-ticket”’ or ‘‘shipping-tag’’ machine is in 
reality a form of punch press. It is difficult, therefore, 
to list all machines by whatever name under which 
they may be known. 


Defining the machines in terms of the industry where 
they are used is also difficult. For example, a machine 
that does gluing, folding, and sealing of folding paper 
boxes is usually referred to as a gluing machine, while 
one that performs a somewhat similar operation on 
corrugated boxes may be known as an automatic folding 
and sticking machine. It is almost impossible, there- 
fore, to assess the hazards of various machines by the 
process involved because of the different combination 
of processes that are possible, and because the hazards 
of the process vary with the difference in product. 
For example, the hazard of slotting may vary con- 
siderably between heavy fiber or corrugated stock 
and light paperboard, not only because of the differ- 
ence in stock but because the process, and even the 
type of machine, may be different. And a process 
that may be very hazardous when performed alone on a 
single machine may be quite different as to hazard 
when performed as a part of a continuous process. In 
the first case the material would probably be hand fed 
into a manually operated machine, while in the latter 
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the material would be fed automatically into a con- 
tinuously operating machine. For example, cutting 
paper stock on a guillotine cutter is much more haz- 
arous than the cutting-off of stock as the final operation 
of a corrugating and double facer machine. Or, hand 
feeding a platen die-cutting press or a plunger-type 
die-cutting press is a much more dangerous operation 
than die-cutting on a cylinder press where the stock is 
carried under the die by an automatic feed. 

In view of these facts, the hazards of the various 
machines used in the paper-products industry could 
not be measured on a straight process basis; the evalu- 
ation was made instead on the operation of the individual 
machine, whether that machine performed a single 
function er a combination of functions. The operation 
of all machines was studied in the course of this in- 
vestigation; those considered the most hazardous are 
further discussed in the section The Machines and 
Their Hazards. 


INJURY RATES OF THE PAPER-PRODUCTS INDUSTRY 


As background for consideration of the hazards of 
individual paper-products machines, it will be helpful 
to explore the relative injury rates for the different 
kinds of paper-products manufacturing plants, based 
on statistics compiled by the Bureau of Labor Statistics. 

The average injury rates for paper-products manu- 
facturing industries are not high when compared with 
the corresponding rates for manufacturing industries 
as a whole. These averages conceal both the relative 
safety of many jobs in these industries and the hazard 
of others. As has already been stated, the purpose of 
this investigation is to identify the jobs involving 
machine operation that are of such high hazard that 
they should be declared particularly hazardous for 
minors under the Fair Labor Standards Act and sub- 
ject to the 18-year minimum age. 

The Bureau of Labor Statistics has published injury 
statistics for the year 1951 for three segments of the 
industry—envelopes, paperboard containers and boxes, 


and miscellaneous paper and allied products. Table I 
is based on such data. 
Table I 
Frequency Frequency Average 
rate, all rate, days lost 
disabling serious orcharged Severity 
Industry injuries® injuries® per case rate 
All manufacturing 
industries 1555 0.8 82 133 
Paper-products 
manufacturing: 
Envelopes 16.3 0.7 33 0.5 
Paperboard con- 
tainers and 
boxes 18.1 1.0 64 is} 
Miscellaneous 
paper and al- 
lied products 13.7 0.8 75 Lez 


* Compiled by Bureau of Labor Standards from Bureau of Labor Statistics 
Bulletin No. 1137, Work Injuries in the United States During 1951. The 
frequency rate for all injuries is the average number of disabling work 
injuries for each million employee-hours worked; this will sometimes be 
referred to as the ‘‘general frequency rate.’’ The frequency rate for serious 
injuries is the average number of serious injuries (resulting in death or in 
permanent-total or permanent partial disability) for each million employee- 
hours worked. _ The severity rate is the average number of days lost as a 
result of disabling work injuries for each 1000 employee-hours worked. A 
disabling work injury is one resulting in death, in any degree of permanent 
impairment, or in the loss of at least 1 day’s time on any day other than that 
on which the injury occurred. 7 


According to these figures, plants manufacturing 
paperboard containers and boxes have a somewhat 
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higher general frequency rate than have all manufac- 
turing industries as a whole, and also a somewhat 
higher frequency of serious injuries—that is, injuries 
resulting in death or in some degree of permanent im- 
pairment. The severity rate is about the same as that 
for all manufacturing industries. As measured by the 
number of days charged per disabling injury, the 
average severity of injury appears not to have been so 
great in any of these three paper-products classifica- 
tions as in manufacturing industries as a whole. 

More detailed information on injury rates is available 
for paperboard-container plants from a special survey 
made by the Bureau of Labor Statistics for the year 
1950.8 The survey shows that some types of plants 
manufacturing paperboard containers have more nu- 
merous or more severe types of injuries than the average 
manufacturing plant or the average paperboard- 
container plant. Table II shows a comparison of rates 
for each of these industries and for all manufacturing in- 
dustries as a whole, for the year 1950. 

Here it is seen that the paperboard-container plants 
as a wholeyhave a higher general frequency rate, as well 
as a higher frequency rate of serious injuries, than all 
manufacturing industries combined. The relatively 
high general frequency rate (17.9) is accounted for in 
large part by the production operations in plants manu- 
facturing corrugated and fiber boxes—27.4 as compared 
with 14.7 for all operations in all manufacturing indus- 


§ Bureau of Labor Statistics Bulletin No. 1139, ‘‘Injuries and Accident 
Causes in the Manufacture of Paperboard Containers.’’ No injury-fre- 
quency or severity rates have been computed for classifications in which 
the number of employee-hours was less than 500,000 nor is the average time 
loss shown when the total number of disabling injuries was under 50. 


Table Hl. Industrial-Injury Rates for Paperboard-Con- 
tainer Plants, According to Type of Plant: United States, 
1950 


All -—— Plants manufacturing——X 
All paper- Corru- 
manu- board gated Fiber 
factur-  con- and cans, Fold- Set- 
ing tainer fiber tubes, ing up 


Operation 1950 plants* boxes drums boxes boxes 


Total Operations 
Frequency rates: 


Alldisablinginjuries 14.7 17.9 23.0 16.5 16.7 12.9 

Serious injuries? On ALAS OLS sl Oger Thal 
Average days lost or 

charged per  dis- 

abling injury 84 85 67 289 69 76 
Severity rate Jey Akay ey ee IER cL At) 


Production Operations 

Frequency rates: 

All disabling injuries USE2 e274 OM ay eles 

Serious injuries? 5a to@ © Bese Ws 1 & 
Average days lost or 

charged per  dis- 

abling injury OC: 51 @ 64 54 
Severity rate eo: OP tea 479 SIO me Ons 


Service Operations 
Frequency rates: 


Alldisablinginjuries ... 14.6 18.0 19.5 9.8 12.9 

Serious injuries? —_ LOOP 4S <9%45 ORG RORS 
Average days lost or 

charged per dis- 

abling injury so 8o 56 © 38 30 
Severity rate aah Wess Oe OE 42 

* Includes figures not shown separately because of insufficient data. 

6 “‘Serious”’ injuries = the sum of injuries resulting in death or in any 


degree of permanent impairment. 

© Not computed because of insufficient data, 

Source: Compiled from published and unpublished data of the Bureau of 
Labor Statistics Monthly Labor Review, December, 1951, Vol. 73, No. 6 
p. 677, ‘‘Paperboard-Container Industry Work-Injury Rates, 1938-50": 
Bulletin No, 1098, ‘‘Work Injuries in the United States, 1950,’ Table A: 
Special Survey unpublished tables 1-5. : 


52 A 


tries. The same industry has a somewhat higher than 
average frequency rate of serious injuries for production 
operations—1.0 as compared with 0.8 for all manufac- 
turing industries; but the plants manufacturing fiber 
cans, tubes, and drums have the highest frequency rates 
of serious injuries, both in production operations (2.8) 
and in service operations (9.4). The severity rate for 
fiber cans, tubes, and drums is also very high—4.9 in 
production operations, 12.0 in service operations. For 
all manufacturing industries combined, the 1950 
severity rate was 1.2. 


Available statistics are inconclusive in showing just 
what kinds of paper-products machines cause the most 
frequent or most severe injuries in any of the paper- 
products industries. For this reason, dependence must 
be placed chiefly on nonstatistical sources of informa- 
tion regarding the hazards of these machines, supple- 
mented by such data as are available. Statistics are 
useful, however, in showing the importance of machine- 
caused injuries. Of a total of 1505 disabling injuries re- 
ported in the 1950 survey, 359 or 23.9% were due to 
machines. 


THE MACHINES AND THEIR HAZARDS 


In determining the machines most likely to cause in- 
jury, one or more of a number of factors were con- 
sidered. These factors were: (1) the inherent hazard 
occasioned by the design of the machine and the degree 
to which the hazard is eliminated or lessened by 
methods of feeding and guarding; (2) opinions of per- 
sons consulted during the investigation; (3) observa- 
tions of the investigator; and (4) substantiating evi- 
dence of hazard from statistical data, where available. 
Weighing these factors when applied to all machines 
used in the paper-products industries, the following are 
the ones most likely to cause an injury, or to cause an 
injury which is serious in nature. 


Scrap paper baler 


ap p Envelope die-cutting press 
Guillotine paper cutter or shear 


Punch press 


Platen die-cutting press 
Platen printing press 
Horizontal bar scorer 
Vertical slotter 

Wire stitcher or stapler 


Corner cutter or mitering ma- 
chine 

Corrugating and single- or 
double-facing machine 

Laminating or combining ma- 


Sheeting machine chine 


Circular or band saw (partition 
saw) 


A discussion of these machines and their hazards, 
along with methods of feeding and guarding, follows: 


Scrap-Paper Baler 


A scrap-paper baler is a machine for compressing 
scrap paper into a bale, and for fastening the bale to- 
gether with a wire or metal strap. A paper baler is 
found in all paper-products plants. The very nature of 
paper-products manufacturing involves a lot of serap— 
cutting to size, cut-out or blanked-out sections which 
are unusable, imperfect blanks, ete.—which is baled and 
returned to the paper mills as scrap paper. In large 
plants the scrap paper is usually collected at the ma- 
chine where the scrap is formed and carried to the baler 
by means of a system of air or suction ducts. In other 
plants the paper is gathered up by hand and trucked to 
the paper baler. 

Where a suction collection system is used, and some- 
times where hand collection is the practice, the scrap 
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paper is deposited in a bin above the baler and falls by 
gravity into the baler. Some balers are hand-fed, 
the paper being thrown into the baler an arm-load at a 
time, loading being from the top or a side near the top. 
On some balers the loading opening is entirely open; 
in others a hinged panel opens when the machine is 
being loaded, the panel being closed when the paper is 
being baled. 

The baler is simply a large rectangular box, set on 
end. A power-driven plunger descends and compresses 
the paper into a tight mass. It is then secured by steel 
straps or wire. When the bale is completed the sides of 
the box are opened, the bale removed, and after the sides 
are closed it is again ready for operation. In some 
balers a power-driven tamper partially compresses the 
bale before the plunger completes the compression proc- 
ess, 

One hazard of the baler is that of being caught by the 
descending plunger. Where the paper falls into the 
baler from an overhead bin this danger is remote. 
Where'the baler is hand-fed, it would be possible for a 
person’s arm, to be caught by the descending plunger 
should someone else operate the control mechanism 
while paper was being manually placed in the baler. 
An accident such as this would cause a severe injury, 
probably loss of an arm. 

A more probable cause of injury would be in re- 
moving the heavy bales of paper. Bales weigh any- 
where from 300 to 1000 Ib. They are bulky and awk- 
ward to handle. They are pushed and pulled out of 
the baler, sometimes on rollers set in the floor. This 
involves hard physical work, and strains and sprains 
are not uncommon. Work about the baler is particu- 
larly difficult and dangerous to a young person who has 
not reached physical maturity. One person usually 
operates the baler, although the work may be done by a 
crew of two or three persons. 

No statistical data are available which will aid in de- 
termining the degree of hazard of the scrap baler. But 
in view of the possibility of being caught in the baler, 
as well as the heaviness of the work, operation of the 
paper baler is too dangerous for young persons. 


Guillotine Paper Cutter or Shear 


The guillotine cutter, or straight knife, is potentially 
one of the most hazardous machines found anywhere. 
It is a very simple machine, consisting of a heavy knife 
blade set at a slight angle from the bed of the machine, 
and held in place by an overhead framework. Paper to 
be cut is placed on the bed of the machine, the line of 
cut being directly under the knife. When operated, 
the knife descends shearing through the paper. 

It may be operated in a number of ways. Some old 
machines simply have a foot treadle and tramping on 
the treadle releases the brake, throws in the clutch and 
the knife descends. Other old machines substitute a 
hand lever for a foot treadle. These afford practically 
no protection to the operator. 

Most modern machines are equipped with a two- 
handed tripping device which requires the simulta- 
neous use of both hands to operate the machine. The 
tripping device may consist of two electric switches in 
series, both of which must be closed before power can 
be applied. The two-handled tripping device may be a 
mechanical interlock on the clutch but its purpose is the 
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same—to keep the hands of the operator away from the 
danger zone. 

In theory, two-handed control should make guillotine 
cutters foolproof. Unfortunately, it does not. Some 
two-handed controls, particularly home-made ones, can 
be made inoperative by tying down or plugging one 
control using only the other. On some machines con- 
trols can be operated by simply applying pressure on a 
button or lever and if the button or lever is located 
near enough to the knife, the operator could press the 
control with his elbow leaving his hand free to get under 
the knife. 

Another weakness of many two-handed tripping de- 
vices is that they are usually designed for one person to 
operate but two or more persons may actually assist 
in the operation. For example, the stock being cut 
may be too heavy for one man to handle, so two men 
lift the stock onto the bed of the machine and center it 
under the cutter. Each operator then presses his con- 
trol button or lever but his other hand is free. He may 
be caught when trying to adjust the stock being cut. 
It is, of course, possible to equip a machine with a 
variety of controls to take care of any possible combi- 
nation of operators or helpers. Actually this is sel- 
dom if ever done because the amount of cutting would 
not warrant it. A guillotine cutter is primarily a 
standby machine, used for occasional cutting of paper 
stock in sheets to size. If production were such that the 
machine was in constant operation, an automatic 
machine of some kind would probably be used. There 
is also the possibility, however remote, that poor ad- 
justment or a mechanical failure of clutch or brake 
might allow a guillotine paper cutter to operate when 
the hands of the operator were under the knife. 

Injury rates for cutting operations in paperboard- 
container plants are available from the 1950 special 
survey mady by the Bureau of Labor Statistics. These 
rates indicate that departments performing cutting 
operations in the paperboard-container industry tend 
to have frequent and serious injuries, in comparison 
with the average for all manufacturing industries com- 
bined. Table III shows this comparison for the year 
1950. 


Table ITi 
Frequency Frequency 
rate, all rate, 
disabling serious Severity 
Operation injuries injuries rate 
All manufacturing industries 14:7 0.8 1.2 
Cutting operations: 
All paperboard-container 
plants 22.5 Lea 126 
Corrugated and fiber box 
plants 28.4 0.9 0.5 
Folding-box plants 16.9 itil ae) 
Setup box plants 29.1 4.3 4.5 


Not all of the injuries occurring in cutting operation 
departments are due to machines performing cutting 
functions. But since injuries due to cutting machines 
are included among those occurring in departments per- 
forming cutting operations, the injury rates for cutting 
operations are worth studying. 

Cutting operations in each of the categories of paper- 
board-container manufacturing for which such rates are 
available had a higher general frequency rate than the 
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average for all manufacturing industries. The fre- 
quency rate of serious injuries was also higher than the 
average for all manufacturing industries—in most 
cases considerably higher. The average severity of in- 
jury occurring in cutting operations, as measured by 
the severity rate, varied among the paperboard-con- 
tainer classifications. For all these plants combined, 
it was slightly higher than the average severity rate for 
manufacturing industries; for setup box plants it was 
much higher; for corrugated and fiber-box plants and 
for folding-box plants it was lower than the severity rate 
for the average manufacturing industry. 

This cannot be interpreted to mean that these high 
rates were necessarily due to accidents on guillotine 
shears. Other cutting machines undoubtedly con- 
tributed to the high rates, but it does indicate that 
cutting machines are injury producers and the guillo- 
tine shear is recognized as one of the most dangerous of 
all cutting machines. 

Accidents at the point-of-operation of a guillotine 
cutter are always serious, never minor. When suffi- 
cient power Is available to cut through a ream or more 
of paper, hands and fingers offer no obstacle. Because 
of the possibility of injury, and because the injuries are 
severe ones, the operation of a guillotine paper cutter 
should be classed as particularly hazardous for minors. 


Platen Die-Cutting Press 


Die presses are used for die-cutting, cutting-out, em- 
bossing, creasing, slotting or the like. A die is used to 
cut the paper or paperboard stock into the desired 
shape. The machine may be either hand fed or auto- 
matically fed, and may be of the plunger type (punch 
press), the platen type, or the cylindrical type. Many 
paper products are die-cut on a platen press, die-cutting 
being frequently the first operation that enters into a 
finished product. Thus, boxboard blanks or paper- 
container blanks may be cut out on a platen press. 
Such a press is also used for making various paperboard 
novelties, such as advertising displays. 

The die is locked up in the steel frame called the 
chase, and the chase is mounted on the press. The die 
consists of steel “rulers”? held in place by wood or cork 
strips or blocks. The paper to be cut is placed on the 
platen—a flat piece of metal hinged at the back which 
swings up against the chase. The pressure between the 
chase and platen is sufficient to cut through the paper 
with the impression of the die. 

Platen die presses are continuous in operation, the 
feeding or placing of the paper on the platen being done 
when the platen is in a lowered position after the pre- 
viously cut stock has been removed. Most. platen 
presses are equipped with a platen guard which is none 
too effective. The platen guard consists of a wire rec- 
tangular section, the center of which is filled in with 
canvas. As the press operates and the platen begins 
to rise, the platen guard rises ahead of it pushing the 
hand or arm of the operator away before it is caught 
between the platen and the chase. But a platen guard 
is not a perfect guard. Seldom does the platen guard 
extend more than about 4 in. above the platen and it is 
possible to reach over or around the guard and still be 
caught between the platen and the chase, or the guard 
and the chase. 


Some presses are automatically fed and danger to the 
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operator is therefore eliminated. Feeding is usually by 
means of a suction or vacuum disk, the disk picking up 
the stock and depositing it on the platen, another disk 
removing the stock after the press has operated. 
Where automatic feeding is employed, the operator does 
not actually operate or feed the press—he simply 
keeps the feeding mechanism of a number of presses 
filled. The feeding attachment is often not an inte- 
gral part of the press so that the same press can be fed 
either automatically or manually. 
- Depending upon the kind of product manufactured 
and the production methods used, platen die-cutting 
presses may be located in one or more of several different 
departments. In some paper-products plants, die 
press might be classed as a cutting function, in some 
other type of plant it might be considered as a slotting 
or scoring function. Because of this, statistical data 
are not available to measure the extent to which die- 
cutting presses contribute to injury rates. There are 
likewise no injury statistics based on feeding methods. 
Injuries due to platen die-cutting presses are likely 
to be severe—a crushed hand or arm. Presses operate 
quite fast and manual dexterity is needed to feed them. 
They may be operated without guards of any kind in 
which case the possibility of injury is much more prey- 
alent. Considering all these facts, the hand feeding 
of platen die-presses represents a hazard so severe that 
its operation should be classed as particularly hazardous 
and hence closed to minors under 18 years of age. 


Platen Printing Press 


Like die-cutting presses, printing presses may be 
either cylinder or platen type, and may be either auto- 
matically or manually fed. In method of operation, 
the platen printing press and the platen die-cutting 
press are identical. Type is locked into the chase in- 
stead of a die, an ink roller applies fresh ink after each 
impression but otherwise the operation is the same. 
And since the hazards are created by the method of 
operation it follows that the hazards of printing with a 
platen press are the same as die-cutting on a platen 
press. 

In the 1950 Bureau of Labor Statistics special survey 
of injuries in the paperboard-container industry, work 
injury rates are available for printing operations. 
Table [V is a comparison of these rates with those for 
all manufacturing industries combined. 


Table IV 
Fre- Fre- Average 
quency quency days 
rate, all rate, lost or 
; disabling seriows charged Severity 
Operation injuries “injuries per case rate 


All manufacturing industries 14.7 0.8 84 12 
Printing operations: 
All paperboard-container 


plants 227 1.4 83 1.9 
Corrugated and fiber box 

plants 32.3 1.6 48 1G 
Folding-box plants 18.0 1.6 111 2.0 
Setup box plants 16.7 0.5 


* Average time loss not computed because of insufficient data. 


Except in setup box plants, printing operations in the 
manufacture of paperboard containers showed a con- 
siderably higher general frequency rate, a higher 
severity rate, and a much higher frequency of serious 
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injuries, than did all manufacturing industries com- 
bined. 

Not only are the injury rates relatively high for print- 
ing operations in paperboard-container plants, but the 
number of injuries caused by printing presses in such 
plants is larger than those caused by any other type of 
machine in the same industry. Of the total of 1505 
disabling injuries reported for the industry, 359 or 
23.9%, were caused by machines. Of these 359 
machine injuries, 70 or 19.5% were caused by print- 
ing presses, and 9 of them (nearly 13%) involved ampu- 
tations.| 

How much platen printing presses contribute to the 
frequency or severity of injuries in printing operations 
or on printing presses, is not shown in the 1950 special 
survey of the paperboard-container industry. Other 
data are available, however, which indicate that platen 
printing presses, regardless of the industry in which 
they are used, cause injuries of higher average severity 
than those caused by machines in general. 

According to Illinois workmen’s compensation statis- 
tics, peek on compensable cases closed during the 
cumulative two-year period 1951 and 1952, the average 
number of days lost or charged per case was 292 days 
for platen printing presses, in comparison with 255 
days for all machines. (These averages are based on 
the experience of all industries combined and are not 
restricted to the paperboard-container industry.) 

But, as previously pointed out, the findings of this 
investigation are based on paper-products machines 
wherever operated, so that platen printing presses in a 
printing shop would be considered in the same category 
as like machines in a paper-products plant. 


It is the opinion of those consulted during the course 
of this investigation that hand-fed platen presses are 
much more hazardous than automatically fed platen 
presses. Cylinder presses are considered much less 
hazardous because, unlike platen presses, feeding does 
not take place at the point-of-operation. In a cylinder 
press the paper is carried to the point of operation by a 
belt or web. 


Since platen printing presses operate in the same 
manner as platen die presses, and since their hazards 
are the same, like conclusions should apply; namely, 
that hand feeding of platen printing presses should be 
declared particularly hazardous for operation by 
minors. 


Horizontal Bar Scorer 


Scoring is the process or function of cutting part-way 
through paper box blanks, boxboard, or fiber stock, 
along lines where the paper will be folded when made 
into boxes. The scoring may be done by a revolving 
circular disk which scores the paper as it is carried 
through the machine. Scoring may also be performed 
by a die as the stock passes through a cylindrical press, 
or in the case of a horizontal bar scorer (up-and-down 
scorer) by a metal die which moves vertically somewhat 
like a guillotine cutter. 


' Compiled by the Bureau of Labor Standards from Bulletin No. 1139, 
“Injuries and Accident Causes in the Manufacture of Paperboard Con- 
tainers,”” United States Department of Labor, Bureau of Labor Statistics, 
Table VIII, p. 40. 


q Computed by the Bureau of Labor Standards from the following reports 
of the Illinois Department of Labor: Annual Report on Compensable Work 
Injuries, Part II, Compensation Cases Closed during 1952, Table 26, p. A-29; 
Annual Report on Industrial Accidents, 1951, Part II, Table 27, p. A-31. 
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The horizontal bar scorer is used for scoring heavy 
fiber stock used in making cartons. It is not used on 
corrugated paper or light box paper stock. The hori- 
zontal bar scorer operates in exactly the same manner 
as a metal brake. A metal die is supported by a frame 
raised above the level of the table. Fiber to be scored 
is placed on the table manually, one sheet at a time. 
The press is operated by a foot treadle, a single stroke 
of the press being applied for each score to be made on 
fiberstock. The die cuts the fiber part-way through. 


Horizontal bar scorers are used to a much lesser ex- 
tent than other scoring methods, and injuries caused 
by them would not influence the injury rates for scoring 
operations. There are, therefore, no injury statistical 
data to aid in determining the relative degree of hazard 
of bar scoring machines. 

Horizontal bar scorers can be guarded by a stationary 
guard in front of the die. The fiber stock is always 
relatively thin and the guard can, therefore, be placed 
close enough to the table so that the fingers of the opera- 
tor cannot reach under the die. Since this machine 
scores but. does not cut through the stock, there is no 
necessity for anyone to work at the rear of the machine. 
But a guard is not universally used, and it is most likely 
that the scorer will be operated without a guard. 
When this occurs the machine can be very dangerous. 
The stock is placed under the die by hand, and if narrow 
pieces are being scored, the hands of the operator are 
close to the die zone. Momentary lack of attention, 
poor coordination, or accidental tripping of the foot 
treadle may cause the die to descend when the opera- 
tor’s fingers or hands were under the die with likely 
result of an amputation of the hands or fingers. Char- 
acteristics necessary to operate this machine safely with- 
out a guard—muscular coordination, alertness, and con- 
stant attention—are often lacking in young people. 
Since this is the case, the horizontal bar scorer should 
not be operated by minors under 18 years of age. The 
revolving circular disk-scoring machine is considered 
much less hazardous than the bar-scoring machine. 


Vertical Slotter 


Slotting is the function of cutting-out slots from pa- 
perboard stock. Slotting machines may employ the 
principle of a rotating knife (rotary slotter), of the 
cylinder press using a slotting die, or the principle of the 
guillotine shear (vertical slotter). Rotary and cylin- 
der press slotters are often units of a machine that per- 
forms other functions such as creasing or printing. 
They are considered much less hazardous than the ver- 
tical slotter which is an independently operated ma- 
chine. 

The vertical slotter employs the same principle as 
the guillotine shear or paper cutter except that a slotting 
die is used instead of a knife edge. The machine is 
manually fed from the front, the operator placing the 
fiber stock on the bed of the machine and operating the 
control mechanism. The slotter is single acting, that 
is, it completes a single stroke when the contro] mech- 
anism is operated. Operation may be by means of a 
foot treadle, hand lever, or a two-handed tripping de- 
vice, the latter being the exception rather than the rule. 

The hazards are the same as the guillotine shear. If 
a two-handed trip is not used, the operator can very 
easily reach under the die. When a two-handed trip is 
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used, it is relatively safe for one operator but when two 
or more operators or helpers are employed, the purpose 
of the two-handed trip is defeated unless the controls are 
so arranged that each operator must use both hands to 
operate his control mechanism. The die may not ex- 
tend across the entire width of the machine, as in the 
case of a shear, but where cutting takes place the die is 
sharp and sufficient pressure is developed to sever a 
finger or hand. 

A variation of the vertical slotter described above is 
another type known as the eccentric slotter. The 
slotting units are mounted on an eccentric shaft which 
causes them to move in an arc, thus generating a shear- 
ing motion. Eccentric slotters are often equipped with 
a corner cutter located at one side of the machine; 
the corner cutter is operated vertically, and can be 
used either in conjunction with or independent of the 
eccentric slotter. The machine operates continuously, 
the operator feeding the stock under the dies without 
stopping the machine. 

Injury rates for slotting operations are available from 
the 1950 special survey of paperboard-container plants, 
for corrugated and fiber box plants, and for all paper- 
board-container plants combined. The rates are 
given in Table V. 


Table V 
y Frequency Frequency a. 
rate, all rate, 
disabling serious Severity 
Operation injuries injuries rate 
All manufacturing industries 14.7 0.8 12 
Slotting operations: 
All paperboard-container 
plants 17.2 1.0 0.5 
Corrugated and fiber box 
plants Ag I 1.2 0.6 


The general frequency rate, and the frequency rate 
for serious injuries which in this case consists of per- 
manent partial disabilities, are higher for slotting opera- 
tions than the corresponding rates for manufacturing 
industries as a whole, but the severity rate is consider- 
ably lower, reflecting the absence of fatal injuries. 
These data, however, throw little light on the relative 
hazard of slotting operations. They give no clue to the 
hazards of the vertical slotter. The vertical slotter is a 
little-used machine, most slotting operations being per- 
formed on a production-type machine. But, since 
vertical slotting is considered more hazardous than ro- 
tary or cylinder press slotting, it is reasonable to assume 
that the injury-frequency rate, and also the frequency 
rate of serious injuries, would be at least as high as, and 
probably higher than, the rate for all slotting combined. 

Since the method of operation and hazards are similar 
to those of the guillotine shear used for paper cutting, 
the same conclusion applies; namely, that the opera- 
tion of the vertical slotter should be considered as par- 
ticularly hazardous for minors. 


Wire Stitcher or Stapler 


Many paper products, particularly fiber or corrugated 
paperboard-containers, are held together by round or 
flat wires driven through the flaps and clinched over. 
Wire stitching is usually done direct from a roll of wire 
although pre-formed wire staples may be used. 

There are two principal types of machines, the arm 
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type and the automatic stapling machine. In the arm 
type the box or carton is manually held over the arm of 
the stitcher and the stitching mechanism operated by a 
foot treadle. The machine may be single-action, one 
stitch or staple being driven each time the treadle is 
tripped, or it may operate continuously after being 
started. The automatic stapling machine is continuous 
in operation. It folds the cartons into position for 
fastening and the cartons are carried on a conveyor to the 
anvil where the wire staples are driven through the flaps 
of the box. This type of machine offers no appreciable 
hazard to the operator because the stapling operation is 
performed at such a distance from the person feeding 
the machine that he could not get caught in it. 

The arm-type wire stitcher, however, offers consider- 
able hazard to the operator who holds the carton while 
the wire is being driven. On large cartons some of the 
wire stitches or staples are more than an arm’s length 
from the operator, but this is not true for all of them. 
In smaller cartons the operator’s hands are within 
reaching distance of the point where stitching takes 
place. The hazard of this machine is that the finger 
of the operator may inadvertently be placed on the 
anvil and a staple driven through it. Such an injury 
can be painful, and it may result in permanent dis- 
ability, particularly if infection should occur. 

From the 1950 paperboard-container study, data for 
computing certain kinds of injury rates for stitching 
operations are adequate for all paperboard-container 
plants and for corrugated and fiber box plants. These 
rates are given in Table VI. 


Table VI 
Fre- Fre- Average 
quency quency days 
rate, all rate, lost or 
disabling serious charged Severity 
Operation injuries injuries per case rate 


All manufacturing industries 14.7 0.8 84 2 
Stitching operations: 
All paperboard-container 


plants 19.8 2.0 51 1.0 
Corrugated and fiber box 
plants 275 1.4 a (Os) 


* Average time loss not computed because of insufficient data. 


Both the general frequency rate and, more impor- 
tant, the frequency rate of serious injuries, are con- 
siderably above comparable rates for all manufacturing 
industries combined. Although the average severity 
of such injuries is not high, the comparative frequency 
of serious injuries in stitching operations suggests that 
stitching or stapling machines are involved. The 
relative number of injuries caused by the arm-type 
machine or the automatic type is indeterminate, but by 
the very nature of the work, the arm-type machine with 
its hand feeding undoubtedly produces the greater pro- 
portion of injuries. 

From the foregoing, the conclusion to classify the 
work of operating an arm-type, wire-stitching machine 
as particularly hazardous for minors seems warranted. 


Sheeting Machine 

The sheeting machine, or sheeter as it is sometimes 
called, is for the purpose of cutting a roll of paper into 
sheets as the paper passes through the machine. A 
rigid knife is mounted on a revolving arbor, the knife 
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cutting through the paper at each revolution of the ar- 
bor. 

The sheeting machine is automatic in operation after 
it has once been started. Paper is pulled from a free- 
running roll into the machine and after being cut into 
sheets is automatically piled on a table at the rear of the 
machine. No person actually operates the machine 
but the cut sheets must be removed from the rear. 
This is done without stopping the machine and it is pos- 
sible to be injured by the cutting knife or by being 
struck by the arbor holding the knife. Sheeting ma- 
chines are seldom guarded, and anyone working near or 
passing the machine could be struck by the arbor or 
knife it he should stumble. While less dangerous than 
some other paper products machines, it should not be 
operated by a young worker. Operating would in- 
clude setting up and taking material away from the 
rear of the machine. 

There are no statistical data specifically applicable to 
sheeting machines. Sheeting is a cutting operation, 
and, as previously noted, the cutting department is 
characterized by high frequency and severity rates. 


Circular or Band Saw 


Some fiber or corrugated paperboard is cut by power 
saws, either circular or band. Saws may be used to cut 
slits in partitions. When equipped with a dado head, 
circular saws are used to cut slots in some carton- 
making operations. Saws are hand-fed and often 
operated without guards. 

Available injury data from the Bureau of Labor 
Statistics study of injuries in the paperboard-con- 
tainer industry throw no light on the degree of hazard of 
saws used for cutting paper or fiber board in the paper- 
products industries. Saws are used to such a limited 
extent that their accidents are not reflected in the in- 
jury rates. 

Hazardous-Occupations Order No. 5 declares the 
operation of any power-driven woodworking machine 
particularly hazardous. Saws used to cut paper stock 
operate in the same manner as wood saws, their hazards 
are not less than wood saws, and there is every justi- 
fication for classifying them as particularly hazardous. 


Envelope Die-Cutting Press 


Envelope blanks are cut out on a special type of press 
designed for that particular purpose. A heavy steel 
die—weighing up to 40 lb.—with a sharp cutting edge 
is placed on top of a ream of paper (about 4 in. in thick- 
ness) and a plunger forces the die through the paper. 
After each stroke of the press the die is picked up and 
placed at a new position on the paper and another 4-in. 
pile of blanks are cut out. 

Some presses are single action, the press being actu- 
ated by a foot treadle for each stroke of the press. 
Others are continuously acting, the operator removing 
the die after the cut is completed and replacing it for the 
new cut as the press slowly reciprocates. 

The operation of this type of die press is quite dan- 
gerous. Dies are heavy, as is a ream of paper (about 
30 lb.), and the operator is constantly lifting or moving 
both die and paper. There is danger of dropping the 
die or cutting the hands while handling it. There is 
also the danger that the operator’s hands will be caught 
between the descending ram and the die or paper. 
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This is particularly true of the continuously acting 
press. The operator must work fast and accurately to 
locate the die on the paper so that a perfect cut is se- 
cured in the short period of time between strokes. 
Considering that operation involves constant handling 
of heavy dies and paper, that dies are sharp, and that 
there is a possibility of being caught in the press, work 
of operating an envelope die-cutting press is too dan- 
gerous for young workers. 

The Bureau of Labor Statistics study of injuries in 


~ paperboard-container plants did not include envelope 


manufacturing and no statistical data are available on 
injuries due to envelope die-cutting presses. 


Punch Press 


Many machines employing the principle of the punch 
press are used in converting paper or paperboard into a 
semifinished or finished product. Within the industry 
they may not be referred to as punch presses but by a 
name more closely related to their function such as 
“window cutters’? (presses for cutting windows in en- 
velope blanks), “thumb hole’”’ presses for cutting a 
thumb hole in manila envelopes, ‘‘“embossing press’’ for 
impressing a design, ‘‘paper-lace machines” for making 
paper-lace doilies, “blanking presses” for cutting out 
paper cup blanks, ‘‘merchandise-marking”’ or ‘‘shipping 
tag’? machines for blanking out these paper products. 
Punch presses are used for many die-cutting or em- 
bossing operations in practically all branches of the in- 
dustry. 


Punch presses may be either hand or automatically 
fed, the latter being used on long-run production jobs. 
In many cases the paper is fed into the press directly 
from a roll, the press operating continuously. The 
only thing the operator does is to put on a new roll of 
paper as needed, and to inspect the cut-out blanks to see 
that the quality is maintained. Automatic feeding is 
also used for secondary operations, that is performing a 
cutting or embossing operation on a previously cut 
blank. Where secondary punching operations are auto- 
matically fed, feeding may be done by a suction cup 
from the top of a pile of blanks, or feeding may be from 
the bottom of the pile by a mechanical device of some 
kind. Where automatic feeding is employed, the in- 
herent hazard of the punch press is largely overcome be- 
cause the operator does not need to reach into the die 
zone. The protection afforded the operator is more 
nearly complete if the press is guarded with a fixed 
barrier guard which will prevent the operator from 
placing his hand under or between the dies. 

Hand feeding is much more dangerous. It is em- 
ployed where a relatively small number of pieces are to 
be made, or where the product is of such size or shape 
that mechanical feeding is difficult. Since most paper 
stock is relatively thin and little power is required on the 
ram, limiting the ram stroke to less than one-quarter 
inch is often possible and this offers some protection to 
the operator. Other guards such as sweep guards, 
gate guards, or two-handed tripping devices are used 
much less frequently on punch presses in the paper- 
products industries than on punch presses in the metal 
industries. Since paper is easy to cut, much less power 
is required and consequently presses are smaller than 
presses used in the metal industries but their hazards 
are the same. 
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ones 
J HI-LO PULPER 


Completely defibers 

in less than half the 
time of conventional 
pulpers. 


Here’s the answer to the prob- 
lem of pulping waste news, 
wet-strength broke, and other 
hard-to-treat material. 

The unique feature of the 
HI-LO Pulper is its two rotors 
...alarge-vaned Lo-Speed one 
for initial break-up and thor- 
ough circulation; a small-vaned 
Hi-Speed one for complete de- 
fibering in minimum time with 
most efficient use of horse- 
power. 

The HI-LO, will completely 
separate fibers without cutting. 
Actual tests show substantial 
improvement in tear; and in 
many cases, it will produce 
treatment on wood pulps supe- 
rior to a Hollander Beater. Ask 
your Jones representative for 
details, or write for Bulletin 
No. EDJ-1063. 


E. D. Jones & Sons Company 


Pittsfield, Massachusetts i — In Canada: 
The Alexander Fleck, Ltd., Ottawa 
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No statistics on injuries caused by punch presses 1n 
the paper-products industry are available. Punch 
presses are usually used to perform a cutting operation 
and, as previously pointed out, injury frequency and 
severity rates from cutting operations are, in general, 
high. But no statistical data are available to indicate 
to what extent injuries caused by punch presses in- 
fluence these rates. 

The operation of punch presses, except those pro- 
vided with full automatic feeding and ejection, used for 
cutting metal has been declared hazardous under 
Hazardous-Occupations Order No. 8. Since the ha- 
zards for punch presses in the paper industries are 
similar, the same treatment is warranted and all hand- 
fed punch presses should be classed as particularly 
hazardous. 


Corner Cutter or Mitering Machine 


In making setup boxes a special type of punch press 
is used for cutting away corners before the box blank 
can bée¥olded. The machine operates continuously the 
operator holding the board to be cut under the die of the 
machine. The machine operates fairly slowly, but the 
length of stroke of the ram is sufficient for the opera- 
tor’s fingers to get under the die. The point-of-opera- 
tion is unguarded and if the worker’s finger is caught 
under the die, it may be amputated or severely injured. 

The 1950 special survey of injuries occurring in the 
paperboard-container industry shows injury rates for 
corner-cutting operations. They are given in Table 


Vile 
Table VII 
Frequency Frequency 
rate, all rate, 
disabling serious Severity 
Operation injuries injuries rate 
All manufacturing industries 14.7 0.8 2 
Corner-cutting operations: 
All paperboard-container 
plants Wf 38) 3.9 ee) 
Setup box plants 22.7 D1 Dal 


These rates indicate a great degree of hazard in cor- 
ner-cutting operations, especially in the high frequency 
of serious injuries and in the severity of injuries occur- 
ring in these operations in setup box plants. It is very 
probable that most of this hazard is due to corner- 
cutting machines. 

Corner cutters should be considered in the same class 
as other punch presses, and the same limitations on em- 
ployment of minors should apply. 


Corrugating and Single or Double-Facing Machine 


The corrugating and single or double-facing machine 
is a machine which combines by gluing continuous 
sheets of plain paperboard (liners) to one surface of a 
corrugated center (filler) to form single-faced corru- 
gated paperboard, or when paperboard liners are 
placed on both sides of the corrugated center, to form 
double-faced corrugated paperboard. A cut-off unit 
at the discharge end cuts the corrugated paperboard 
into sheets. 


The machine is a huge machine, entirely automatic in 
operation after it has been set up and started. It is 
operated by a crew, usually eight men on a large ma- 
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chine, consisting of one operator, two shafters, one in- 
spector, and four off-bearers. But regardless of the 
fact that it is automatic in operation, crew members 
frequently get hurt. Injuries are caused by working 
about machines, rather than at the point-of-operation, 
as is the case in other machines previously discussed. 

The operator is a skilled workman; he is in charge of 
the crew and must be able to assist in all phases of the 
work. 

The two shafters who handle the paper rolls are sub- 

-ject to injury from material handling. Rolls of paper, 
weighing up to 1000 lb. or more are placed in position at 
the rear of the machine, usually by an overhead crane. 
The shafter places a steel spindJe through the hollow 
core of the roll of paper and mounts it on the roll stand. 
A mechanical hoist is used, the hoist may be independ- 
ent of the roll stand or it may be an integral part of the 
roll stand. There is danger of crushed fingers or toes 
from handling the heavy rolls of paper, also danger 
from strains. Shaftless roll stands as used on some 
modern machines eliminate some of the hazards found 
in the shaft-type machines. In threading the paper be- 
tween the rolls, fingers or hands may be caught in the 
pinch-point. Rolls are heated and contact with the 
rolls can cause a burn; the glue also is heated, offering 
possibility of burns. 

The off-bearers work at the discharge end of the 
machine. As the corrugated paper leaves the machine 
in a continuous strip, other operations such as slitting 
or scoring take place. The last operation is cutting- 
off to size. The off-bearers take the cut-off pieces and 
pile them for transportation to the next operation. The 
work is heavy and is done at a fast pace. Strains and 
sprains are a source of injury, also falls, the floor about 
the take-off end becoming cluttered with scrap. 


The inspector works about the machine to see that the 
product is up to quality. He is exposed to moving 
machinery, hot glue, and heated rolls. Some observa- 
tions must be made from raised platforms or runways 
alongside the machine which offer possibility of falls. 


Injury rates for corrugating operations in the paper- 
board-container industry are given in the 1950 special 
survey made by the Bureau of Labor Statics. These 
rates are given in Table VIII. 


Table VIII 
Fre- Fre- Average 
quency quency days 
rate, all rate, lost or 


disabling serious charged Severity 


Operation injuries injuries per case rate 


All manufacturing industries 14.7 0.8 84 iL 
Corrugating operations: 
All paperboard-container 


plants 42.5 oe 91 3.9 
Corrugated and fiber box 
plants 47.7 1.9 92 4.4 


These injury rates show a high degree of accident 
hazard in corrugating operations, from the stand point 
of both frequency and severity of injury. The general 
frequency rate and the severity rate for corrugating 
operations in corrugated and fiber box plants were 
higher than for any other production operation in the 


* paperboard-container industry. The average time lost 


or charged per disabling injury was exceeded by only 
one production operation—printing in folded-box 
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Check PAPER and 
instantl 


You can now determine instantly and accurately 
the smoothness and porosity of any paper with the 


Sheffield Smoothness Tester and the Porosimeter. ae : 
A positive system of notation 
In addition to an instantaneous check, the range 


Can be used in the mill or laborator 
and precision are considerably beyond what is x 


specified in TAPPI Standards No.T-479 sm 48 for pec attal ach CIN C: 
smoothness—No. 40-M49 for porosity. Many Reading is visible until paper sample is 
more checks can be made, assuring more uniform BS he resi 

quality. And it doesn’t take a highly skilled lab- Combines sensitivity and ruggedness 


oratory technician to get accurate results. Read- 
ings correlate with those of other instruments. 


Both instruments are successfully operating in the are sold on a money back guarantee of 
paper industry—users’ names on request. Both satisfaction. 


Write for a demonstration in your plant and for 
engineering data to Div. 600, THE SHEFFIELD 
CORPORATION, Dayton 1, Ohio, U.S.A. 


, 
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Porosimeter 


Paper Smoothness Tester 
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MANUFACTURE AND MEASUREMENT FOR MANKIND 
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DeZURIK VEE-PORT VALVES 


YOU CAN SET A DeZURIK VEE-PORT VALVE at any 
point desired ... . from wide open to minimum flow 
.... yet the diamond shaped orifice retains exactly 
the same shape... . the flow rate is constant at each 
setting! 

‘a 

It’s the, ideal valve for throttling service on pulp 
and paper stock lines. The rate of discharge remains 
constant at any setting—there is no build-up of stock 
in the orifice . . . . no “eddy point’ where stock can 


pack. This stable operation results in extremely ac- 


curate control. 


DeZurik Vee-Port 
Valves provide de- 
cided advantages 
on refiner systems, 
pump discharge 
lines, and other 
points where pro- 
duction and quality 
depend upon de- 
livery of a stead- 


fast, uniform volume 


of stock. 


DeZurik Vee-Port Valves are available in sizes 3” 
thru 16”, in a broad range of materials. Lever and 
gear operators can be furnished to provide dead- 
tight shut-off where required. Positioning type cyl- 
inder operators are available for automatic level 
control, stock feed to fan pump, basis weight or caliper 


control and similar services. 


Write for complete data. 


DEZURIK SHOWER CO. 


SARTELL, MINNESOTA 
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plants, which had an average time charged of 111 days. 
The frequency rate of serious injuries for corrugating 
operations, while not so high as for some other opera- 
tions, was nevertheless twice as high as the correspond- 
ing rate for all manufacturing industries combined. 
While it is true that most of the hazards of working 
about the corrugator and single or double-facer are not 
at the point of operation, nevertheless, the closely re- 
lated hazards—falls, strains, crushed fingers and toes, 
etc.—are sufficient to warrant classifying all work in con- 
nection with the machine as particularly hazardous. 


Laminating or Combining Machine 


A laminating or combining machine is for the purpose 
of combining two or more sheets of paper or paperboard 
to form a multiple-ply product by applying an ad- 
hesive and running the paper through various pressure 
rolls. It is also known as a fiber paster. 

This machine is to fiber box stock what the corrugat- 
ing and combining machine is to corrugated stock. 
The only difference is that none of the paper goes 
through a corrugating roll, all of the paper combined 
into the fiber stock being flat. Fiber stock may also be 
heavier, three, four, or more plies of paper being glued 
together under pressure to form a single sheet of tough 
heavy fiber. The process being the same, the hazards 
are the same, and the same conclusions with respect to 
the employment of minors would apply. 

No statistics are available on injuries caused by this 
type of machine. 


CONCLUSIONS 


Some machines in the paper-products industries are 
inherently dangerous to operate and guarding methods 
presently in use, while diminishing to some extent, do 
not entirely eliminate the hazards. On the basis of in- 
herent hazard, substantiated by what statistical data 
are available on injuries, the following occupations are 
particularly hazardous for minors under 18 years of age. 

Operating or assisting in the operation of the follow- 
ing power-driven paper-products machines: scrap 
paper baler, guillotine paper cutter or shear, hand feed- 
ing of platen die-cutting presses, hand feeding of platen- 
printing presses, horizontal bar scorer, vertical slotter, 
arm-type wire stitcher or stapler, sheeting machine, 
circular or band saw, envelope die-cutting press, hand- 
fed punch press, corner cutter or mitering machine, 
corrugating and single- or double-facing machine, and 
laminating or combining machine. 


41st Annual Meeting 
of the 

Technical Association 
of the 


Pulp & Paper Industry 
Hotel Commodore, New York, N. Y. 


February 20-23, 1956 
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ONE OF THE 2 NEW 


WALDRON TREATERS 
mica 


installed for 


FOR MODERN TREATING...THE SWING IS TO WALDRON 


There are sound reasons why most of the newer treater installations throughout the 


industry are WALDRON TREATERS. Within the past two years WALDRON TREATERS 
have been installed for CONTINENTAL DIAMOND FIBRE CO., FORMICA CO., 


GENERAL ELECTRIC CO., MICA INSULATOR CO., THE PHENOLITE CO., 
TAYLOR FIBRE CO., and other leading manufacturers. Write us for full particulars. 


John WALDRON Corporation 


7. P.O.BOX 791° 


Zz, 


NEW BRUNSWICK - NEW JERSEY 


World's Leading Builders of Machines For 
Coating, Crepeing, Embossing, Film Casting, Flocking, Gumming, Guiding, 
Laminating, Printing, Rewinding, Slitting, Unrolling, Varnishing, Waxing, Winding. 
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SPeCr i /, 
Conurow 


For repeat orders, develop 


PRODUCT 


UNIFORMITY 
with EAGLE” Corn Starch 


A competitively-priced board with a uniform, 
durable printing surface gets repeat orders. Eagle 
Brand Corn Starch assures you of an improved 
finish and a better printing surface, which will 
resist scuffing. 


Paper men recommend Eagle Corn Starch 
(an acid-converted starch) for its ease of cooking, 
low cold water solubility and low viscosity. 


No matter how unique and or rigid your specifi- 
cations, Eagle starches meet them. For a complete 
technical demonstration, please get in touch with 

Corn Products Refining Company 
17 Battery Place, New York 4, N. Y. 


EAGLE 


BRAND 
acid-converted 


CORN STARCH 
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BLANCOPHOR HS 


ry 


BLANCOPHOR® HS-76 and BLANCOPHOR HS-71 are highly soluble fluorescent 
brighteners which produce unusually brilliant whites on paper, without risk 
ef pulp degradation caused by overbleaching with strong chemicals. These 
optical whitening agents can be either added to the beater or used in surface 
coloring and coatings to give extremely high whites. 

Write today for more detailed information on the advantages of BLANCOPHOR HS brand. 


ANTARA. CHEMICALS 


A SALES DIVISION OF GENERAL ANILINE & FILM CORPORATION 
435 HUDSON STREET+- NEW YORK 14, NEW YORK 
SALES OFFICES: New York * Boston * Providence * Philadelphia * Charlotte ° Chattanooga 
Chicago * Portland, Ore. * San Francisco * Los Angeles 
IN CANADA: Chemical Developments of Canada, itd., Montreal 


TOA 
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Fig. 337 — Lawrence 10-inch 
Heavy Duty Stainless Steel 
Chemical Pump. - : 


LAWRENCE PUMPS handle every 
liquid and fluid material used in 


pulp and paper mills 


To pump acids, caustics, stocks, resins, sulphurs, slurries — hot (1500°F), 
We 7 cold (—347°F), or extremely viscous — requires engineering skill normally not 
tere ‘ available from a pump manufacturer. Lawrence engineers have specialized 
in this difficult field for more than 90 years. It may almost be said — there is 
no “pumpable” fluid with which Lawrence engineers have not had repeated 


and successful experience. 


L, 
fz 


Lawrence Pumps are designed for either horizontal or vertical operation. 
eit, a ee Every pump Ss built on the corrosion- and abrasion-resistant 
203-6 and 205-3 metals best-suited to the fluid to be pumped. 


for a complete sum- ; he F 
If you have a particularly difficult pumping problem, we can save you both 


mary of acid and 
CS aU el else time and money. Write us the pertinent details. No obligation. 


RENCE 
LA \\ h a y 
FEVERDEEUAL PE RPS 
Bigh-Bewatiy Paper Stork Pompe 


LAWRENCE PUMPS INC. 


LAWRENCE PUMPS INC. 


357 Market Street, Lawrence, Massachusetts 
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An Important New Development 


Chemipulp-KC 
Get “lyfe 


| Sulphur Burner 


More Compact= 
More Efficient 


Handles Any Type 
of Sulphur 


Long Life= 
Low Maintenance Costs 


Fast Start-Up 
Instant Shut-Down 


Commercial installation of 


Chemipulp-KC 214-ton sulphur ‘ ; : 
burner. Note the compact de- In the new Chemipulp-KC Burner the molten sulphur is sprayed into 


sign as compared with conven- the burner as a fine mist. The secondary heated air is then introduced 
tional burner shown in the 


in several stages, resulting in clean operation and long service life. 
background. 


Because of the small mass, the burner quickly reaches its maximum 
efficiency temperature of 2100° F., minimizing the production of SO3. 
This burner operates efficiently at all SOz gas concentrations between 
12% and 1814%. At its operating temperature of 2100° F. the bitumen 
in the dark sulphur is completely burned, so that dark sulphur as 
well as bright sulphur is efficiently burned. Shut-down is instantaneous. 


This unusually compact unit is now available in capacities of 1, 214, 
5, 12, 15 and 25 tons per day, and each different size burner operates 
efficiently at loads of 25% to 150% of rated capacity. Both installation 
and maintenance costs of this new burner, which is a development of 
the KIMBERLY-CLARK CORPORATION Research Program, are 
considerably lower than rotary burners and combustion chambers of 
equal capacity. 


Chemipulp Process Inc. 


Woolworth Bldg. Watertown, N. Y. 


Associated with Chemipulp Process Ltd., 403 Crescent Bldg., Montreal 
Pacific Coast Representative, A. H. Lundberg, 308 Orpheum Bldg., Seattle 1, Wash. 
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Tiny EAR 
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Five Elliott C-W splashproof motors driving various 
pulp refiners in a New England mill. The 250-hp, 


1170-rpm motor 


in the foreground, drives a hydra- 


finer. Beyond are two 200-hp, 435-rpm motors driv- 
ing jordans and. two 200-hp motors driving unifiners. 


TURBINE-GENERATORS TURBINES MOTORS GENERATORS 
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DEAERATING HEATERS EJECTORS CONDENSERS COMPRESSORS TURBOCHARGERS 


‘ 
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When stock passes THROUGH this row of 14 plate, 
flat-bed screens, it often foams up and spills over the 
top, dripping and splashing on the motors below. The 
result? No damage or costly production holdups because 
these are rugged Elliott C-W TEFC Sealedpower motors 
on the job. They are effectively sealed against the invasion 
of liquids and other foreign matter. At the same time, 
they are cool-running and /ong-running, seldom requir- 
ing maintenance at all. 


Other types of Elliott C-W motors perform equally well 
on other drives. Splashproof motors, for example, prevent 
splashing liquids from entering ventilating openings. 
Wound rotor motors, in open, dripproof, splashproof or 
TEFC models, are popular for a-c drives requiring slow, 
smooth acceleration and other special requirements. 
Check with your local Elliott Field Engineer or write 
Elliott Company, Crocker-Wheeler Division, Jeannette, 
Pa. for complete details. 


ELLIOTT Company 


Follow-thru service ma 


Sulfur 


Your order for Ansul liquid sulfur 
dioxide includes more than the prod- 
uct, it includes a good measure of 
service—the kind of service that 
starts before the chemical is delivered 
and then goes on and on. We call 
it follow-thru service. To illustrate 
our point we would like to quote 
the production manager of one of 
our large SO2 customers. He is refer- 
ring to the help he received from 
Ansul while his sulfur dioxide burner 


was down for extensive repairs. 
“Use of the liquid SO2 and reliable 
counsel and service by Ansul person- 
nel, definitely got us over the hump. 
We were able to maintain the high 
quality of our refining process dur- 
ing a difficult period. An impressive 
factor was the ease with which we 
were able to control the liquid SO2 
absorption system. All in all, the 
operation was very successful.” 
There are many advantages gained 


kes Ansul 
ioxide your b 


est buy 


by installing an Ansul SO2g system 
on a permanent or on a stand-by 
basis. The Ansul SO2 system can be 
started and stopped immediately; 
rates of flow and degrees of con- 
centration can be changed instantly. 

Ansul sulfur dioxide is also used 
in chlorine bleaching, in peroxide 
bleaching and in semi-chemical pulp- 
ing. Write us for more information. 
ANSUL CHEMICAL COMPANY, Dept. 
C-47, Marinette, Wisconsin. 
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PULP CAN BE MORE PROFITABLE! 


Eliminate 
costly WET LAP 
shipping! 


NEW JACKSON & CHURCH SYSTEM 

OF “CRUMB TRANSPORT” 

CUTS LABOR AND MAINTENANCE COSTS... 
SAVES TIME AND MONEY! 


For the custom mill or the integrated mill shipping 
“excess” pulp, there’s big news in this new J-C 
system. 


No longer is it necessary to ship wet laps or sheeted 
pulp. Now through the use of the J-C Continuous 
Press, pulp to be shipped is de-watered, bringing 
consistency up to 40%, and the resulting ‘crumbs’ 
may be easily blown into cars or trucks for shipping, 
completely eliminating ‘wet lap” handling. The pulp 
“crumbs” are just as easily handled at the receiving 
end. 


J-C Continuous Pulp Press 


W rite today for additional infor- 
mation about this new Jackson 


A minimum of labor is involved in either pressing or : is 
& Church system of “crumb 


handling. Capital expense is lower than with any 

h thod. J-C Pulp Press installations are avail BNE OTE eet successful 
z pic ae pale Se. Uninc wena commercial operation in custom 
able in capacities of 25 ton to 300 ton units. and integrated mills. 


JACKSON & CHURCH CO. - sacinaw, micnican 


W ork well done since eighty-one 


~ 
wn 
Pa 
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CROSSETT PAPER MILLS PRODUCES 850,000 LBS. OF KRAFT EVERY 24 HOURS in its modern mill at Crossett, 
Ark. Company plans for 1955 include a neutral sulfite semi-chemical pulp plant and a new 216” cylinder machine. 


ROLLS OF CROSSETT Converter Items [at left] made from perpetual forest reserves, include multiwall sack, as- 
phalting, creping, envelope, gumming, grocery bag and specialties. CROSSETT’S MERCHANT ITEMS [ai right | 


are wrapping and butcher paper: 


in rolls and sheets. 
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TO SETA NEW RECORD 


Operating on All 3 Positions of 
a Beloit Fourdrinier Machine 
at CROSSETT PAPER MILLS... 


Late last year . . . skilled papermakers of 
Crossett Paper Mills, a Division of the Cros- 
sett Company, Crossett, Ark., scored a new 
record —running 30-lb. Kraft at 2,024 feet- 
per-minute for 8% hours, without a break! 

The record run was made on Crossett’s ad- 
vanced-engineered “Pioneer” machine, with 


all 3 of its positions clothed by Huyck felts. 


Papermakers attribute the above par per- 
formance of Huyck machine clothing to 
our continuing development of new tech- 
niques in felt-making . . . the fact that 
there are more plus advantages in felts 
trademarked Huyck. 


THE “PIONEER” MACHINE which set the new 
production speed record. Operated by Cros- 
sett’s championship team of papermakers, the 
machine used 1 suction transfer pick-up felt 
and 2 press felts made by Huyck. 
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F.C. HUYCK & SONS e¢ Rensselaer, New York 
Established 1870 


TBA 


+ Date, condensed; 


Subject: Paperalds . 
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: th of time for 
into 57 second’s Wor 
end oe review — are the important physical 
S . . 
ee which give Dicalite paperaids their 
pr 
many values. 
RANGES DEPENDING ON GRADE 
COLOR: Cream white, buff white and pure white. 
BRIGHTNESS: 56 to 90. ; ; 
MOISTURE, Maximum: 0.5% ie 6%. Tarts 
PARTICLE SIZE: Fineness varies from 37 
retained on 325 mesh screen. 
, 5%. 
POROSITY : 70% to 9 
SURFACE AREA: 10,000 to 150,000 Sq. ft./Ib. 
DENSITY : 9 to 11 \b./cu. ft. loose weight. 
Specific gravity, 2.00 to 2.35. eer 
ABSORPTIVENESS : 120 to 300% of welg 
TTABILITY : Excellent. | a8 
Da Aes Essentially inert in acid and aqueous solutions 


ee ondabl 


GREAT LAKES 


Add to these properties the unique 
interlacing structure formed by 
Dicalite’s tiny particles, and you have 
the basic reasons why, in papermill after 
papermill, Dicalite is providing such 
advantages as: (1) increased retention 
of fine fibers and pigments (2) better 
fiber distribution for more uniform sheet 
formation (3) improved color and 
greater opacity (4) better printability 
(5) faster drainage on the wire and 
quicker drying on the rolls (6) excellent 
control of pitch, wax and asphalt. And 
these do not complete the list of 
Dicalite’s values in papermaking. 


Write us for more complete information. 
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DIATOMACEOUS MATERIALS 


DICALITE DIVISION, GREAT LAKES CARBON CORPORATION, 612 SOUTH FLOWER ST., LOS ANGELES 17, CALIFORNIA 
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Solvay Hydrogen Peroxide, the latest addition to 
Solvay’s line of alkalies and industrial chemicals, 
is being produced in a new plant at Syracuse, New 
York. This new plant, which represents the latest 
advances in chemical engineering, is designed to 
assure hydrogen peroxide users a product of 
highest quality—Solvay quality. 


Potassium Carbonate » Calcium Chloride * Sodium Bicarbonate 
Soda Ash » Hydrogen Peroxide » Snowflake® Crystals * Chloroform 
Ammonium Bicarbonate * Cleaning Compounds * Caustic Potash 
Sodium Nitrite * Ammonium Chloride * Chlorine ¢ Caustic Soda 
Methylene Chloride * Monochlorobenzene * Para-dichlorobenzene 
Ortho-dichlorobenzene » Methyl! Chloride * Carbon Tetrachloride 
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Solvay Hydrogen Peroxide will be produced in 
both 35% and 50% grades, and will be shipped in 
both drums and tank cars. It will be available in 
straight or mixed carloads or truckloads, as well 
as in less carload quantities. We invite your in- 
quiries about prices and general information. 


SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
61 Broadway, New York 6, N. Y. 


BRANCH SALES OFFICES: 


Boston * Charlotte * Chicago * Cincinnati * Cleveland * Detroit * Houston 
New Orleans * New York * Philadelphia « Pittsburgh * St. Louis * Syracuse 
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KEEPS COMING... 
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No slime formers . . . no contaminating organisms 

. no objectionable tastes, odors or colors . . . paper keeps 
coming without a slime break. and comes clean when a 
Wallace & Tiernan Chlorination system safeguards the fresh 


and white waters. 


Whether your mill produces puip, newsprint, kraft. 
writing. tissue. or board. the quality of your product and the 
eficiency of your mill depend on clean. biologically pure 
water. For information on how to get biologically pure water 


most economically, write our Industrial Division. 


WALLACE & TIERNAN , 
INCORPORATED | 


25 MAIN STREET, BELELEVILUE-9. Nig. 
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Mill Applications of 
Cyanamid’s Paper Chemicals... 


Size costs cut 16%. That’s what a 
northern board mill reported re- 
cently when they switched from 
regular rosin size to Cyror® Forti- 
fied Rosin Size. The mill found that 
with the switch, size consumption 
was reduced one third. Savings in 
freight are plus advantages not in- 
cluded in the 16% savings. 
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* * * 


Dye costs drop one third. When a 
western mill started using small 
amounts of AccocEL® 741 Disper- 
sant as a mordant in bleached stock, 
it was found that only two thirds of 
the basic dye was required. More 
even color throughout the sheet was 
another important gain. 


ek ON Se ST See GN coe g 
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Rewinding production boosted 


50%. In running butchers’ wrap, 
a southern mill was troubled with 
“skidding” or slipping of the paper 
when rewinding into small rolls. 
Then ALwax* 251-S Wax Size was 
tried. When the size was added 
properly at the beater at the rate of 
6 pounds of size solids per ton of 
paper, the machine ran _trouble- 
free and rewinding speed was 
upped 50%. 


* * * 
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For wet strength right off the reel 
PAREZ Resin 607... 
A MELOSTRENGTH Resin 


When Sales calls for rush orders of wet-strength paper, Production 
can meet the deadlines with Parez 607. For Parez Resin 607 
delivers up to 75-80% of its ultimate wet strength right off the reel— 
no aging or curing, no waiting to check shipments. 


And Parez 607 also... 


¢ gives consistent results from grade to grade in all 
common pulps 


od 


The symbol below identifies paper 
made with Parez Resin 607 as pos- 
sessing superior properties. It is 
backed by the national MELo- 
STRENGTH Promotion Program, de- 
signed to increase the use of paper 
everywhere. 
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*Trade-mark 
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¢ works well over all normal pH ranges 
e improves wax and rosin size efficiency 


¢ is a MELOSTRENGTH resin, backed by the national 
MELOSTRENGTH Promotion Program 


Get the full story on Parez 607 from your Cyanamid 
- representative today. 


j d, T 
CyANAMIpD OFFERS Paper CuHEmMicaLs for every industry need — each Fonte and Montreg) 
backed by technical experts with years of practical mill experience. 
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NEW! a flow meter 
with no flow 


restrictions! 


erm 


SIMPLE, TROUBLEFREE, OPERATION 


The Foxboro Magnetic Flow Meter operates 
on the same principle as a power generator. 
A magnetic field (A) is maintained through 
a standard pipe section (B) of stainless steel 
or other non-magnetic material. This pipe 
section is lined with Kel-F@® or other insulat- 
ing material. Liquid passing through pipe 
acts as moving conductor, generating an 
electric voltage which varies in proportion 
to liquid’s average velocity. Flush electrodes 
(C) in pipe wall “pick up” this voltage which 
is recorded in desired flow units by Dynalog 
Electronic Recorder or Controller, 


THE FOXBORO COMPANY, 7810 NEPONSET AVENUE, 


OXBOR 


REG. U.S. PAT. OFF. 
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UNITED 


e° ® Adds no pressure drop — 
nothing inside pipe to interfere 
with fluid flow. 

® Measures fluid velocity directly. 

® Overall volumetric accuracy better 
than 1% of range over entire 
scale. 


® Uniform flow scale. 


FOXBORO 
MAGNETIC 
FLOW METER 


For pulp stock of any consistency, thick black liquor, corrosive chem- 
icals, or any other paper mill liquid — this entirely new-type meter 
accurately measures flow magnetically. It completely ignores such 
common metering headaches as turbulence, suspended solids, and 
variations in conductivity, density and viscosity. It even measures 
reversing flows! 


Installation is simple. The magnetic spool piece connects into the 
line like any equivalent length of pipe — no seals, purges, meter 
runs or straightening vanes required. Connects by 2-conductor cable 
to remote Dynalog Electronic Flow Recorder. Integrator and con- 
troller components can be added. 


Maintenance is practically eliminated. There are no pressure taps 
to become plugged or frozen, no working parts to foul. 


Learn how this precise, troublefree meter can help your process- 
ing. Write for complete details of the Foxboro Magnetic Flow Meter. 


FOXBORO, 


M A’S'S.,) URES tmAr 


Foremost in 
FLOW METERING 


STATES, CANADA, AND ENGLAND 
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BLACK LIQUOR 
SPRAY MECHANISM j| 
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GREEN LIQUOR 
RECIRC. PUMPS 


> “GREEN LIQUOR 
DISSOLVING TAN 
oo 
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VENTURI i 
THROAT 


ti 
ly | CYCLONE 
‘\\ | SEPARATOR 


SALT CAKE 
MIXING TANK 


Venturi Evaporator-Scrubber 


(Contact Liquor Evaporator) (Fume Collector) 


Installed with B&W Recovery Unit 


eile 


at “Ey means Improved Economy 


COMPANY 


@ %S 
*opuc® 
The Babcock & Wilcox Company black-liquor 
recovery system illustrated above has completed 


two years of continuous trouble-free operation at 
THILMANY. 


An outstanding feature of this installation is 
the B&W Venturi Eyaporator-Scrubber, which 
combines in one piece of equipment both the con- 
centration of black-liquor and collection of salt 
cake fume. The two-year operating period has 
proved the Venturi Eyaporator-Scrubber to be 


completely reliable and highly efficient. 

Two recovery units equipped with Venturi Evap- 
orator-Scrubber are now in service. Four additional 
units ranging in capacity from 117 to 300 pulp 
tons are currently on order. 

The Venturi Eyaporator-Scrubber is an impor- 
tant addition to B&W’s equipment for black-liquor 
recovery. B&W can select exactly the right com- 
bination for your mill, as in the case of Thilmany 
Pulp and Paper Company. 


Advantages of the B&W Venturi Evaporator-Scrubber 
unit include: 


@ Easy and Simple to Operate 
@ Low First Cost 
@ Increases overall Thermal Efficiency 


@ 
® 
e 
@ Efficient use of operating force e 


ita ' (yp 
| BABCOCK 
& WILCOX 
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Reduces Maintenance Requirements 
Continuous, High, Fume Collection Efficiency 
Minimum space requirement 

Reduces multiple effect evaporator load. 


BOILER 
DIVISION 
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Pulp Testing 
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TAPPI 
Disintegrator 


TAPPI 
Sheet Making 
Machine 


TAPPI 


Press 


Write for complete information Today! 
Also Available... 
AUTOMATIC COUCHING AND 


PRESSING EQUIPMENT 
as developed by Hermann Mfg. Co. 


Automatic 
Press 


@eeaeeeoevevoeneoeoeoeoeneoe7e020202808080828080280808880888888808 
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and Sheet Making 


Pump and 


THE HERMANN MANUFACTURING CO. 


LANCASTER, OHIO 
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Sandoz 
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New products, new uses, new customers every 
week of the year! Paper with color-appeal is 
building tremendous new markets — new profit 
opportunities. 


For sales-making color in your products, 
Sandoz produces a complete line of dyestuffs 
(such as the Sandoz Trisulfon Yellows) and 
chemicals. You can count on the Sandoz staff 
for fast and effective service on any new 
problem that may arise. 


SANDOZ 
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Your nearest Sandoz branch is as close as your telephone: 


CINCINNATI 26, OHIO 
3712 Beechmont Ave. 
East 1335 


HUDSON, MASS. 
312 Main Street 
Hudson 1260 


PHILADELPHIA 34, PA. 
2215 E. Tioga Street 
Delaware 6-4040 


*TORONTO (Ont.) CANADA 


CHARLOTTE 1, N. C. 
1510 Camden Road 
Edison 2-1197 


FAIR LAWN, N. J. 
Fair Lawn Ave. & Third St. 
Fair Lawn 6-2800 


LOS ANGELES 13, CALIF. 
467 East Third Street 
Mutual 1-1158 


*MONTREAL (Que.) CANADA 
P. O. Box 364, Station “B” 179 King St. West 
Marquette 4-517 Empire 8-2975 


SANDOZ CHEMICAL WORKS, INC. 
61-63 Van Dam St., New York 13, N. Y. 


*In Canada: Sandoz (Canada) Ltd. 


SANDOZ 


THINKS AHEAD WITH PAPER 


Sill another installation by a leading producer 


demonstrates the advanced planning and efficiency 
of Frank W. Egan & Company design. This TREATER 
was chosen to produce Formica laminated sheets 
for decorative and industrial applications because 
it turns out the highest percentage of perfect 
material and treats the base stock uniformly. 
An Egan exclusive is the micrometer gauge for exact 


control and finest adjustment while operating. - 


2 


Treater 


Supplied to 
THE FORMICA COMPANY 


W. EGAN & CO 
ERVILLE Nog: 


FRANK W. EGAN & COMPANY, Somerville, New Jersey 


Designers and Builders of Machinery for the Paper Converting and Plastics Industries 
Cable Address: EGANCO—SOMERVILLE (NJER) 


Representatives: WEST COAST — John V. Roslund, 244 Pacific Bldg., Portland, Ore. 
MEXICO, D. F. —M. H. Gottfried, Avenida 16 De Septiembre, No. 10. 


Licensees: GREAT BRITAIN — Bone Bros. Ltd., Wembley, Middlesex. FRANCE—Achard-Picard, Remy & Cie 
36 Rue d'Enghien Xe, Paris. ITALY— Emanuel & Ing. Leo Campagnano, Via Borror ei 1 B/7, Milano. GERMANY — ER-WE-PA, Erkrath, bei Dusseldorf 


86 A 
Vol. 38, No. 10 October 1955 


TAPPI 


TAPPI 


a ee 5 - 
SVaQat @ Ww! 


Out of wax at 8. A.M., dairy receives truckload 
from Cities Service by noon the same day. 


Fire had destroyed the entire supply of wax at Country Charm 
Dairy, Monticello, Illinois—and to replace it through the normal 
supplier would have taken three to four weeks, meaning an 
equivalent shut-down. 

But President R. C. Miller said he’d have no delay .. . and at 
8 A.M. he conceived the idea that saved him from it. He called 
the Cities Service Representative who'd been supplying his 
lubricating oils and inquired about wax. By noon that same day, 
the dairy was back in operation with a truckload of Pacemaker 
Wax direct from the Cities Service warehouse! 

“Ever since, we ve been using Pacemaker Wax and the service 
has kept at a par with our first emergency order,” says Mr. 
Miller. “Cities Service Technical Personnel have helped us 
every step of the way and thanks to their aid and the excellent 
sealing and penetrating properties of Pacemaker Wax, our car- 
tons are greatly improved. Needless to say, we're happy to 
recommend Pacemaker Wax to any wax user.” 

Youll profit by following Mr. Miller’s recommendation. Con- 
tact your nearest Cities Service office or write: Cities Service 
Oil Company, Sixty Wall Tower, New YOrkwomNiemys 
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QUALITY PETROLEUM PROD 
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Local Warehousing of Cities Service Pace- 
maker Wax saved the day for Country Charm 
Dairy. Completely out of wax at 8. A.M. one 
morning, due to fire, President R. C. Miller 
called Cities Service and received entire 
truckload by noon the same day. 


Cartons coated with Pacemaker Wax are 


greatly improved, according to Mr. Miller. He 
also praises the aid received from Cities Service 
Technical Personnel. “I’d recommend Cities 
Service to any wax user,” he says. 
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On and Off 
Machine Coating 


‘HE PAPER INDUSTRY 


: Wet-End 
Addition 


Tub and 
Size Press 


From Furnish fo Finish... 
A Stayco Starch for every papermaking need 


Staley’s Stayco Starches are custom manufactured, oxidized starches for wet end, 
tub and size press, on and off machine coating, and calender applications. 
Highly effective in any of these operations, this versatile, easily handled starch 
can answer your physical production control problems. Uniform quality and 
performance standards assured in a complete range of 5 viscosities—Stayco S, 
A, G, Cand M. Stayco can be cooked to a highly dispersed colloidal solution; 
at the same time it makes an exceptionally strong binder or size, and has 
superior film forming characteristics. 


See your Staley Paper Representative soon... get the complete story on how 
Stayco Starches can ease your production control problems and help you to 
make higher quality paper products. Or write to us for details. 


A. E. Staley Manufacturing Company, Decatur, Illinois 
Branch Offices: Atlanta - Boston - Chicago - Cleveland « Kansas City - New York « Philadelphia +» San Francisco + St. Louis 


, StAYCO : 
Furnish Finish 


Beater Starches _ 
Calender Starches 
‘Specialty Gums — 


COPYRIGHT 1955 + A E STALEY MFG CO 
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Edgar made them “first cousins’’... 


to give you highes 


Edgar Clay technicians were first to ‘““Spray Dry” 
paper coating clays—the same process used to 
make your morning’s instant coffee. 

Results? Ultra-uniform coating clays that do 
amazing things to paper quality. 

Today’s “‘slick’”’ magazines—and countless other 
printed messengers—owe their bright, smooth 
finish to this processing milestone. The means and 
the end are inseparable “‘first cousins.”’ 

Papermakers reap wide benefits from EDGAR 
Coating Clays, and the modern processing and 
quality control methods behind them. High bright- 
ness, low moisture, minimum residue, controlled 
viscosity, plus true uniformity ... all are unvary- 


ingly yours in every car, year in, year out. 
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Edgar 
aie EDGAR PRODUCTS from... 


WAN) MINERALS & CHEMICALS 
CORPORATION OF AMERICA 


2STATION PLACE, METUCHEN, N. J. 
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Edgar Spray Dried Products X 


SPRAY-SATIN Coating Clay: A fine fraction, spray 

dried, predispersed coating clay with } 
unmatched uniformity, low moisture content, 

excellent make-down properties, high bulk density, 
and high brightness. Specially fractionated—ideal for 
both high and low solids machine and conversion 
coating and size press coating applications. 


PREDISPERSED HT Coating Clay: A spray dried, predis- 
persed, intermediate fraction machine and conversion 
coating clay suitable for both high and low solids 
applications .. . excellent for size press pigmentation. 


Here’s Help For You: To help you select the EDGAR 
Paper Clay most suited to your particular requirements, 
there have just been published the full specifications 
and basic properties of all EDGAR Coat- 

ing and Filler Clays...acopy is yours i : 
without obligation . . . please use the — 
coupon below. | Pen 


MINERALS & CHEMICALS CORPORATION OF AMERICA 
2 Station Place, Metuchen, New Jersey 


Please send me, without obligation: 


[|] Basic Properties of Edgar Paper Clays. 


|] Other first-hand information and samples pertaining to: 


name 


company 


address. 


city zone state 
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Burning precipitated calcium- 
carbonate sludge to lime in 
causticizing plant. Allis-Chal- 
mers kilns offer fuel savings of 
as much as 40% with increased 
capacity, can reduce lime costs 
as much as 50%. 


Factory- assembled Type 
HALS 2300-volt, 0.8 pf, 
three-phase, 60-cycle syn- 
chronous motor starter 
units installed on balcony 
above controlled motors. 
Motors are Allis-Chal- 
mers synchronous types, 
six 400 rpm, 400 hp driv- 
ing Jordan refiners; and 
two 450 rpm, 450 hp driv- 
ing Sutherland refiners. 


The fresh water used at 
Potlatch is supplied by 
eight of these 12 by 10, 
Type SG pumps. Four are 
driven at 1765 rpm by 
250-hp Allis-Chalmers 


Ones Allis-Chalmers double- 
t f eck Low-Head chip screens in 
166 Ko cise RTS by, operation at Potlatch Forests. 


These units operate continu- 
ously, screening 16 units of chips 
per screen every hour. 


ALLIS- 
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EXPANSION Program 


Potlatch Forests, Inc., 
Again Chooses Allis-Chalmers 
Equipment... for Dependable, 


Efficient Operation 


AN Ea HORE Re equipment, in- sible plan for the required expansion. 
stalled in their original plant, gave Now finishing the third expansion 
POTLATCH FORESTS» INC.,..0f program, Potlatch Forests reports 
Lewiston, Idaho, the kind of service that Allis-Chalmers equipment, oper- 
they needed. ating in the expertly engineered flow, 
When the time came for expansion is paying off in maximum efficiency of 
of their facilities, Potlatch Forests machines and personnel. 
called on Allis-Chalmers again. For help with your paper mill equip- 
Allis-Chalmers engineers worked in ment problems call your nearby Allis- 
close conjunction with the Potlatch Chalmers office or write Allis-Chalmers, 
planning staff to lay out the best pos- Milwaukee 1, Wisconsin. 


10 by 6, 750-gpm, 100-ft head, Type 10-groove, D section Texrope drive 

PWG pump moving unscreened bleach with stationary control Vari-Pitch 

stock to flat screens. Driven at 1170 sheave running pulp press—powered 

rpm by 60-hp induction motor. by ig aa 125-hp, 900-rpm 
motor. 


Texrope, Low-Head and Vari-Pitch are Allis-Chalmers trademarks. 


CHALME - 


TAPPI - October 1955 Vol. 38, No. 10 OLA 


_ 
i-Pure gives bread wrap 
a “clean white’ that sells 


Fresh, ‘clean white”’ for bread and other food wrap helps complete the sale 
—both to your customers and the ultimate consumer. And to give bread 
wrap, waxed board, glassine and parchment lasting, sales-winning “‘white- 
ness,”’ there’s nothing like Du Pont TI-PURE titanium dioxide pigments. 

Applied to bread wrap, TI-PURE improves its printability to make your 
customers’ trade marks distinctive, easy-to-read . . . gives extra brightness 
and greater opacity. The same attractive combination of premium bright- 
ness and high opacity results when TI-PURE is added to other food wrap 
and container stock. 

Time-tested TI-PURE pigments are now offered direct to you by Du Pont, 
and are sold only under the name, TI-PURE. For more information, or for 
help with a pigmenting problem, call our nearest district office. Our tech- 
nical experts, backed by a modern paper laboratory, will be glad to help. 
There’s no obligation, of course. EK. 1. du Pont de Nemours & Co. (Inc.), 
Pigments Department, Wilmington 98, Delaware. 


PROMPT, NATION-WIDE SERVICE THROUGH THESE 
DU PONT DISTRICT OFFICES* AND WAREHOUSES: 


Atlanta, Ga. *Houston, Texas *Malden, Mass. *Philadelphia, Pa. 
*Chicago, Ill. Indianapolis, Ind. Minneapolis, Minn. *Portland, Ore. 
*Cleveland, Ohio Kansas City, Mo. New Orleans, La. St. Louis, Mo. 

Dallas, Texas Lockland, Ohio *New York, N. Y. *San Francisco, Calif. 
*Detroit, Mich. Louisville, Ky. *Pasadena, Calif. Seattle, Wash. 
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BETTER THINGS FOR BETTER LIVING 
«+ « THROUGH CHEMISTRY 
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for economical SEMI-CHEMICAL pulping 
GAYLORD CONTAINER CORPORATION 


repeatedly chooses 


SPROUT-WALDRON 4& 


36-2 Refiners VA7>% 


Nine Sprout-Waldron 36-2 Refiners at Gaylord Con- 
tainer Corporation, Bogalusa, La., refining pulp for 
9-point corrugating board. Two-stage refining is used 
with five Sprouts in the primary stage (two on kraft 
knots and rejects; three on neutral sulphite semi- 
chemical chips). Four refiners in the secondary stage 


The e : finish the pulp. 
SPROUT-WALDRON Sprout-Waldron Refiners have been producing 
refiner is the pulp in this mill since 1931. Repeat orders are the 
leading producer of best evidence of customer satisfaction. 


semi-chemical 
pulp Single rotating disc design with peripheral control 
ring plus rugged construction for... 


¢ High Pulp Quality e Flexibility of Operation 
e High Capacity e Low Maintenance 


For more information on semi-chemical pulping or 
any other pulping application, send for our file of 
technical and practical data. Write to Sprout, 
Waldron & Co., Inc., 38 Logan St., Muncy, Pa. 


tor your pulping problem— 


SPROUT-WALDRON 
PULP REFINERS 


pPP/396 
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NO SIR! Not with new 


Reliance Motors and 


METERMATIC ecco the 


I found out how to put an end to burned out 
bearings from the Reliance Metermatic Bulletin, 
A-2406. Why don’t you write for one? = a-1499 


RELIANCE -ncivttaine to: 


Cleveland 10, Ohio ‘© Offices in Principal Cities 
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Operating side—showing groups of Chromalox far-infrared radiant panels 


electric radiant heating proves efficient 
in drying diazo coating on technical paper 


To produce a diazo coated technical paper of consistent 
quality and uniform printing ability . . . without curl 
in cut sheets. . . this manufacturer found that essential 
factors are multiple station coating, precise heat control 
and no variables throughout the operation. 


After previous experience with other equipment, both 
gas and electric, they selected Chromalox far-infrared 
radiant panels for their newest dryer. The drying 
arrangement consists of 72 panels, having a total 
installed capacity of 777.6 kilowatts, arranged in groups 
of six with elements 4’’ apart. Three panels in each 
group face downward and three face upward. The 
paper to be dried passes between them. 

Installed in a very limited space . . . 90’ long by 9’ 
wide by 12’ high . . . this infrared dryer handles paper 
up to 42’’ wide. Present capacity is 54,000 square feet 


Send for your copy of F1550— 


"101 Ways to apply Electric Heat. 
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per hour. It is expected that, with added experience, 
the capacity can be materially increased. 


Results are improved quality of product; large pro- 
duction capacity; considerable saving in space. 


This problem-solution-result approach has enabled 
us to help many manufacturers produce better, faster, 
at lower cost. 


Always available to you are our research, engineering, 
design and modern manufacturing facilities. The world’s 
largest factory stock of industrial electric heaters plus 
local stocks at strategic points. And a 33-city nation- 
wide sales-engineering service. 

Let us know your problem for controlled heat and 
we'll help you find the right answer—electrically. 


EDWIN L. WIEGAND COMPANY 
7565 Thomas Boulevard, Pittsburgh 8, Pa. 


A-4482 


“4 Smee 
— 


check oe Apalit heat for your application 


Stebbins 
_ Lintngs... 


Approximately 90% of the pulp bleached 
with chlorine dioxide in plants now 
operating or under construction will be 


processed in equipment lined by 


Stebbins. 


Stebbins-lined chlorine dioxide reactors, 

generators, absorbers, storage tanks and 

bleach towers, including the very first in- _ _ | 
b) fo) ) 


stallation, are giving excellent service. _ _ 


The pulp industry can depend on Steb- 
bins experience, research, engineering 
and construction know-how to meet the 


requirements of new processes. 4 


SINCE 1884 | 
Speci STEBBINS 
Design 


Installati : . . 
sb Seniane Engineering and Manufacturing Company, Watertown, N. Y. 


of Linings and STEBBINS ENGINEERING CORP.— 1504 TOWER BLDG., SEATTLE, WASH. 
Tile Tanks CANADIAN STEBBINS ENGR. & MFG. CO., LTD. — CASTLE BLDG., MONTREAL, CANADA 
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Years of Progress 


IN 


Fourdriniers fer Sheel Formation 


1880 - 1955 


About 1805 the 
Fourdriniers proved 

that their machine 
produced paper ata 

cost almost 75% less than 
that of hand made papers. 
Throughout the industry of 
that period, their ‘‘design 
leadership’’ won recognition 


and acceptance. 

For seventy-five years 
Downingtown’s “design 
leadership’’ has earned similar 
recognition and acceptance. 

From the first Downingtown 
Fourdrinier, still in operation 

after sixty years of service, to 

the modern stainless steel 
Fourdrinier, at right, each unit has 
in its day been an example 

of this leadership. 

Downingtown Manufacturing Co. 
Downingtown, Pa. 
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DESIGNERS AND BUILDERS OF PAPER, EOARD AND FELT MACHINES 


West Coast Subsidiary: 
th year MONARCH FORGE & MACHINE WORKS. INC. 
Portland 10, Oregon 


esentatives: UNITED STATES MACHINERY CO., INC., 90 Broad St., New York 4, N.Y., JOHN V. ROSLUND, Pacific Bldg., Portland 4, Ore., THE EMERSON MFG. CO., Lawrence, Mass., KOEHRING-WATEROUS, LTD., Brantford, Ont., Ca 


“VIRGINIA” 


ZINC 
HYDRO 


bleaches groundwood pulp for about one-half the cost— 
saves the paper industry thousands yearly 


Bleaching expense cut $8 per ton. 
“Virginia” Zinc Hydro gives as much 
“spring” as oxidizing bleaches, at 
about one-half the cost. Total cost 
of chemicals and additional steam 
used, less than $6.50 per ton. Pulp 
brightness is upped as much as 12 
points, for as little as 60c per bright- 
ness-point per ton. Color stability 
compares favorably with other bleach- 
ing methods. No expensive equip- 
ment, fewer chemical additives. 
Low-cost “Virginia” Zinc Hydro is 
a high-quality, powerful, specialized 
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reducing, bleaching, and decolorizing 
reagent made expressly for the pulp 
and paper industry. This product is 
uniform and free-flowing—stable in 
storage and in solution—does not 
corrode metals. 

If you operate a groundwood mill, 
a stock de-inking plant, or an organ- 
ization interested in new develop- 
ment, call upon us for counsel. Our 
experienced, resourceful technical men 
will come up with a profitable appli- 
cation of “Virginia” Zinc Hydro for 
you, we’re sure. Write us today. 


Vol. 38, No. LO) Oetober 1955 


Industrial Department 
VIRGINIA SMELTING COMPANY 
Dept. 77-P 
West Norfolk, Virginia 


Field Offices: NEW YORK e BOSTON e DETROIT 
CHICAGO e ATLANTA e ASHEVILLE 
Available in Canada and many other countries 


TAP Pa 


meets 


Franconia’s high sizing 


TAPPI 


Standards for offset papers! 


From Franconia Paper Co., Lincoln. 
N.H.,comes more proof that Americ 
top papermakers choose Mersize RM 
Dry for uniform hard sizing of highest 
quality... 


At regular intervals during the hour, 
Franconia checks the quality of their 
offset papers. With a special hot-ink 
sizing test, developed by Franconia 
technicians, offset papers are constantly 
tested to insure that sizing has provided 
sufficient water resistance. Mersize RM 
Dry meets this test for highest quality. 

If you use dry size, discover for 
yourself how Mersize RM Dry’s de- 
pendable quality can increase the efh- 
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ciency of your operation. Beater-room 
men appreciate low-dusting Mersize 
RM Dry—le 


handle. Its low foam index helps elim- 


s irritating, less trouble to 


inate countless production troubles. 


Mersize RM Dry improves 
product quality because its very 
light color, resistant to darkening with 
age, produces high-brightness paper 
comparable to the lightest rosin size. 
For full information on Mersize RM 
Dry, write Organic Chemicals Divi- 
sion, MONSANTO CHEMICAL 
COMPANY, Box 478 K-7, St. Louis 
1, Missouri. 


MERSIZE: Reg. U. S. Pat. Off. 


Other Members 
of Monsanto's 
Complete Line 
of Fortified Sizes 
Mersize CD-2 
Concentrate, 
for use with rosin size 
Mersize C Dry 
Concentrate indry form 
Mersize RM 70% 
Complete fortified paste size 
Mersize RM 77% 
Complete fortified paste size 


Vy. 
MONSANTO 


CHEMICALS ~ PLASTICS 


NOTRE 


SERVING INDUSTRY...WHICH SERVES MANKIND 


(DISC TYPE) 
Combines Large Filter 


Area and High Capacity 
‘with Floor Space Saving 


For certain types of slow stock such as: book papers, highly refined pulps for 
specialties, carbon papers, glassine, and light kraft, large saveall areas may be 
required. 

The American Disc Type Saveall Manufactured by Dorr-Oliver provides the 
large filtering area required while requiring much less floor space than comparable 
drum type units. 


Two sizes are available — 9 ft. diameter with maximum 
of 12 discs having 1200 sq. ft. area requires only 23 ft. x 12 ft. 
floor space. 7 ft. diameter with maximum of 8 discs and 
560 sq. ft. of area requires only 8% ft. x 15% ft. 


Important operating advantages include — easy, quick 
replacement of disc sectors. Thus, by keeping a few extra 
sectors as spares, down-time for periodic replacement of 
facing wire can be eliminated. By avoiding interruption of 
operation, problems of change over from white water to 
fresh water of different temperatures on the paper machine 
showers is prevented. 

Hundreds of American Savealls are operating dependably 
in leading paper mills. 

If you’d like more information on American Disc Type 
Savealls write for Bulletin 701-R — Dorr-Oliver Incorpor- 
ated, Stamford, Conn. In Canada, 26 St. Clair Ave., East 
Toronto 5. 


Sluicing jets cut under the sheets and peel or slice them off. 
The fine fibers and costly fillers are then returned to the 
stock chest with the sheet. 
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Illustrated is an American Disc Type Saveall installation at Scott Paper Com- 
pany Mill in Chester, Pa. The 9 ft., 12 disc machine handles white water from 
their “‘“Flying Scott’, No. 7 machine. It is handling white water and sweetner 
as feed to the American Saveall, and the effluent filtrate contains only 4 pounds 
of fiber per 1000 gallons which is of a quality sufficiently high to permit it to be 


used as shower water. 
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MICROMETER ROLL CALIPERS 


Light weight permits easy 
handling by one man, and 
they are readily adjusted 
to a wide range of roll di- 
ameters. Micrometer dial is 
graduated in thousandths. 


THIS PAPER MILL ROLL 


oy WU 


CHILLED IRON & ALLOY CHILLED IRON ROLLS 


LOBDELL DIVISION manufactures a wide variety of 
rolls for the Paper and Allied Industries .. . 

Comprehensive technological experience, advanced 
engineering skill, modern production facilities and rec- 
ognized leadership in the design and construction of 
rolls are your guarantee of complete satisfaction. Lob- 
dell Plain Chilled Iron Rolls have a uniformly hard sur- 
face highly resistant to abrasion and deformation under 
load. They give longer service for machine calendering. 
Alloy Chilled Iron Rolls for water finish or high pres- 
sure stacks are harder and more resistant to corrosion 
and abrasion than ordinary rolls. 

When planning replacements or installation of new 
equipment, you'll find it advantageous to specify 
LOBDELL DIVISION. 

Detailed information gladly sent upon request. 


@ CHILLED IRON ROLLS @ ROLL GRINDING e@ KNIFE GRINDERS 


@ MACHINE CALENDER MACHINES e@ ABRASIVE CUT-OFF 
STACKS 


@ ROLL CALIPERS SAWS 


LOBDELL DI 


UNITED ENGINEERING AND FOUNDRY COMPANY 


WILMINGTON 99, DELAWARE 


Vol. 38, No. 10 October 1955 


TAPE 


Growing in Popularity 


Veetoun Cree WBP 


“a brilliant green for unbleached kraft 


Y $&$ FT A LE S 


LA 


This bright green is only one of the 
many shades offered by National Aniline 


for coloring kraft papers and board. 


If you are currently running or contemplate 
running colored kraft to meet growing 
demands, youll find you can save time and 
costly ‘‘mill experiments” when you 

utilize National “know how’’. And remember 
you can always depend on the service and 
prompt delivery from nearby warehouse stocks 


of National Paper Dyes. 


NATIONAL ANILINE DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N.Y. 


llied 
hemical 
Boston Providence Philadelphia Chicago San Francisco 


Portland, Ore. Greensboro Charlotte Richmond Atlanta 
Los Angeles Columbus, Ga. New Orleans Chattanooga Toronto 


Tissue 
Specialties 
Calender 
Boxboard Filler 
Blotting 
Bleached Kraft Food Boards 
Catalog 
Boxboard Liner 
Straw 
High Grade Coated Products 
Crepe Wadding 
Toweling 
Groundwood 
Index 
Greaseproof 
Facial 
Newsprint 
Jute Liner 
Glassine 
Butcher Wrap 
Ninepoint 
Chip 
Envelope 


OVER 140 
SHARTLE MIAMI SELECTIFIER 
SCREENS SOLD IN SIX MONTHS 


No equipment since the introduction of the 


screens—on either high or low pressure in- 
Hydrapulper® years ago has appealed to the 


lets—on open headboxes. 


mills like the Miami Selectifier® screen. 

In board mills they’re being installed 
ahead of all cylinder vats without mixboxes, 
doing away with flat screens and the man 
required to clean them. 

Fourdrinier mills, making practically all 
grades of paper, are installing Selectifier 


Whether it’s a cylinder machine or a 
Fourdrinier, Selectifier screens provide effi- 
cient operation and a closed, clean and quiet 
installation requiring little floor space. 

Those planning new mills or the rejuvena- 
tion of old ones should investigate this new 
type pressure screen at once. 


THE BLACK-CLAWSON COMPANY 


SHARTLE BROS. MACHINE DIVISION @ MIDDLETOWN, OHIO 
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Semichemical Pulping of Hardwoods with Sodium Sulphite 
and Sodium Bisulphite—tl 


R. M. HUSBAND 


A new process for preparing bleachable semichemical pulps 
from hardwoods is described. It employs sodium bisul- 
‘phite (sodium acid sulphite) solutions buffered within the 
pH range 3.7 to 5.8 by the sodium acetate-acetic acid 
system. This buffer system is created from the acetic 
acid deriving from the wood together with a small amount 
of sodium ion conveniently provided by sodium sulphite. 
Accordingly any pH level within the range may be chosen 
by proportioning sodium sulphite to the ‘“‘wood acids.” 
It is demonstrated that, at a liquor to wood ratio of 4.7: 
1, sulphur dioxide in the amount of 5% of the weight of 
white birch wood can remove 90% or more of the lignin 
removed by greater proportions. This is true throughout 
the pH range governed by the sodium acetate-acetic acid 
buffer system and also in the pH range controlled by the 
sodium sulphite-sodium bisulphite buffer system. It is 
demonstrated that semichemical pulps prepared from 
white birch wood digested at pH 4 with small amounts of 
sodium bisulphite are not weaker than neutral sulphite 
semichemical pulps prepared in the same yield from the 
same wood with much larger proportions of chemicals. 
An understanding of the chemistry of the neutral sulphite 
process is provided. 


Tuat hot solutions of sodium sulphite can ex- 
tensively delignify many species of wood has been dem- 
onstrated by many laboratory and larger scale investi- 
gations that followed the patent of Cross and Bevan re- 
ported in 1880. And today this chemical has come to 
commercial importance for the partial delignification of 
hardwood chips according to the conditions of the 
neutral sulphite semichemical process. While a gen- 
eralized explanation of its delignifying action may seem 
to be implicit in the now well-known pictures of pulp- 
ing with bisulphites, developed principally by Hagglund 
and his coworkers (/) in Sweden, and Maass, Yorston, 
and their associates (2, 3, 4) in Canada, nevertheless, 
in the literature of sodium sulphite and neutral sulphite 
pulping it has either explicitly or implicitly been treated 
as a distinct and separate reagent (5-9). Only recently 
(10) has its behavior been attributed to the bisulphite 
ions it furnishes when subjected to the organic car- 
boxylic acids provided by the wood. 

According to the hypothesis of Hagglund and asso- 
ciates, the lignin polymer of wood when digested with 
acidic solutions of bisulphites first acquires sulphonic 
acid groups at a relatively rapid rate and then suffers 
fragmentation into hydrophilic segments. The rate of 
removal of lignin from the wood they found to be sub- 
ordinate only to this latter reaction which they con- 
sider to be an acid hydrolysis. Hence, they consider 
that the removal of lignin at constant temperature is 
dependent upon the pH of the digesting solution, though 
the relationship is not direct because the sulphonic acid 
anions bound to the lignin affect the hydrogen ion con- 
centration within the wood chips or fragments in the 


R. M. Huspanp, Research Associate and Project Leader, State University 
of New York, College of Forestry, Syracuse, N. Y 
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general manner described by the membrane equilib- 
rium theory of Donnan. 

Maass, Yorston, and their associates hold a different 
view of these reactions as they apply to the acid sul- 
phite process and have presented repeated evidence 
that the rate of lignin removal is not strictly governed 
by the hydrogen ion concentration of the liquor alone 
but is also subject to the concentration of bisulphite 
ions. 

More recently Haggroth, Lindgren, and Saedén (17) 
have confirmed the view of Maass, et al., by showing 
that, in the presence of tremendous excesses of cooking 
liquor, the rate of lignin removal from softwoods at pH 
levels below 2.4 (measured at room temperature) is 
subject to the amount of sulphur dioxide applied, in 
addition to the hydrogen ion concentration. However, 
they also found that at pH 3.5 (at room temperature) 
and less acid levels the rate was not so affected by 
changes in the proportion of sulphur dioxide. 

In our previous report on the digestion of hardwood 
chips with solutions containing sodium sulphite and 
sodium bisulphite at chemical to wood ratios appro- 
priate to semichemical pulping, it was shown that the 
removal of lignin was subject to the concentration of 
bisulphite ions as well as the concentration of hydrogen 
ions. That study has now been expanded to provide 
a more detailed picture over a wider range of conditions 
including those common to the neutral sulphite process. 


EXPERIMENTAL 


Bark-free white birch logs were cut into °/s-in. chips 
in a ten-knife Carthage chipper and screened to remove 
the fines and over-size pieces. The accepted chips were 
thoroughly mixed then stored in moisture-proof con- 
tainers pending use. Samples of the chips were dried 
in an oven at 105°C. so that the weight of dry wood, 
charged in any cook, would be known. 

The chips were cooked in a stainless steel vertical di- 
gester of 1 cu. ft. capacity equipped with an external 
heat exchanger and circulation system which cycled 
the liquors at the rate of 2 g.p.m. To facilitate the 
penetration of the chemicals into the chips, a Nash- 
Hytor vacuum pump was used to evacuate the digester 
and charged chips to a gage reading equivalent to 28 
to 29 in. of mercury. After this pressure reading had 
been maintained for 15 min., the liquor was drawn into 
the digester from a pail, through a rubber tube con- 
taining a sight-glass. By adding the liquor in this way 
less than 50 ml. was excluded when the valve at the di- 
gester head was closed as the liquor level fell through 
the sight-glass, and no air was admitted. The liquor 
to wood ratio was maintained at 4.67 liters per kg. of 
oven-dry wood. The charged digester was heated to 
100°C. in 15 min. and then to the desired cooking tem- 
perature according to a prescribed schedule. 

At the conclusion of a cook the chips were thoroughly 
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WITH 0.1022N HYDROCHLORIC ACID 
WITH 0.1024N ACETIC ACID 


LEGEND 
TITRATION OF 100 ML. OF Q.027I M. NogSO3 SOLUTION 


40 » 10 ° 


20 
ML. OF STANDARD ACID 


Fig. 1. Courses of pH during the titration of sodium sul- 
phite solutions with hydrochloric and acetic acid solutions 


washed in the open digester with hot tap water, then, 
without delay, pulped in a 12-in. laboratory Sprout- 
Waldron disintegrator in a full stream of hot tap-water 
(pH about 8). The pulp was passed through a plate 
with 0.012-in. slots and if there were any amount of re- 
jects, “they were passed through the disintegrator a 
second ti Excess water was squeezed from the pulp 
in a fruit press, the cake of pulp weighed, then crum- 
bled and sampled for a moisture determination. The 
pulp was stored in moistureproof containers. 

The cooking liquors were prepared from tap water, 
c.p. sodium sulphite and c.p. sodium bicarbonate or 
u.s.Pp. sodium bisulphite containing 97% of sodium 
metabisulphite equivalent to 106% of NaHSO;. The 
sodium sulphite and bisulphite content of fresh liquors 
was determined iodometrically but their content. of 
sodium bicarbonate was known only from the weight 
of pure chemical used in their preparation. 

During each cook, samples of liquor were withdrawn 
periodically through a water-cooled condenser. The 
pH values of these samples were measured at room 
temperature and their content of reducing chemicals 
determined iodometrically in an acidic medium. 

The strength properties of the pulp were evaluated 
according to the TAPPI Standard beater test. Pulp 
brightness values were obtained from handsheets of 
unbeaten pulp, using a Hunter brightness tester with 
the tristimulus blue filter. 

The amounts of lignin and pentosans in the pulps 
and the lignin content of the woods were determined 
according to TAPPI Standard procedures. The pen- 
tosan content of the woods was determined according 
to the TAPPI Standard procedure for pentosans in 
pulp. 

While all of the white birch logs used in this study 
were of one shipment from the same site in Upper New 
York State, two different batches of chips are involved 
having different chemical analysis and providing pulps 
with somewhat different physical properties. They 
will be distinguished as wood A and wood B. 


Wood A, Wood B 
% % 
Alcohol-benzene extractives WO: 2.0 
Tappi lignin-basis unextracted wood 18.3 17.0 
Pentosans-basis unextracted wood 2300 25.0 


DISCUSSION OF RESULTS 
The Important Role of the Wood Acids 


It has already been pointed out that the wood acids 
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play an important role in digestion of hardwood chips 
with sodium sulphite solutions (10); that as they are 
liberated from the wood they serve to convert increas- 
ing proportions of sulphite ions to bisulphite ions which 
were considered to be the species active in sulphonation. 
However, the expanded study has shown that they can 
perform another important function that will be more 
clearly understood with the aid of the plots of Fig. 1. 
These plots were obtained by recording the pH value 
at intervals during the titration of solutions of sodium 
sulphite with standard acid solutions. Curve I is the 
familiar plot for sodium sulphite acidified with hydro- 
chloric acid. In effect, it shows the pH values for so- 
lutions containing sodium sulphite and sodium bisul- 
phite in every relative proportion at a constant molarity 
of sulphur dioxide. 

When a solution of sodium sulphite in water is ap- 
plied to hardwood chips and the mixture heated, the 
pH value of the solution (measured at room tempera- 
ture) immediately falls along the pathway of plot I from 
A toward B as the wood acids* are released and increas- 
ing amounts of sulphite ion are converted to bisulphite 
ion according to the expression: 


Na.SO; + H Acetate = NaHSO; + Na Acetate 


While the decline of pH is initially rapid, its fall is soon 
checked because sodium bisulphite and sodium sulphite, 
together in solution, form a buffer system whose ca- 
pacity to absorb acids continually increases toward pH 
7.2 where the ratio of the two components is unity. Fur- 
thermore, the decline of pH is opposed by the sulpho- 
nation of the lignin which reaction serves to withdraw 
from solution the acidic salt sodium bisulphite to form 

* The organic acids liberated during 4 hr. of digestion of the white birch 
wood used in this study amount, at 160°C., to about 5.5% of the weight of 


the wood when expressed in terms of acetic acid which accounts for 99% 
of them. 


LEGEND 
NopgSO3 NaHCO3z TEMP.°C 
(% ON 0.D. WOOD) 
50.6 > 160 
50.2 S 170 
50.4 = 180 
RUN 52 4.8 13.0 160 
RUN 53 49 11.0 160 
DIGESTER HEATED TO 100°C IN IS MINUTES, 
TO MAXIMUM TEMPERATURE IN 90 MINUTES 


RUN 57 
RUN 66 
RUN 69 


70 ae ——66 


3 
TIME - HOURS 


Fig. 2. pH histories during heating and digestion of white 
birch chips with sodium sulphite-bisulphite solutions 
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the less acid salt sodium lignin sulphonate.t If the 
bisulphite ions may be regarded as the active agents of 
sulphonation, then the onset of that reaction should be 
marked by their first appearance in solution and its 
rate and extent should increase as the proportion of 
bisulphite ions increases. j 

Whether the pH level of the cooking liquors falls 
appreciably below the point of maximum buffering de- 
pends to a minor extent upon the competing rates of 
the sulphonation and the removal into solution of frag- 
ments of sulphonated lignin, but principally upon the 
liberation of the wood acids and the proportion of so- 
dium sulphite applied to the wood. When that propor- 
tion is large, the wood acids may be absorbed without 
complete conversion of the sodium sulphite to sodium 
bisulphite which, in turn, becomes large relative to the 
amount of sodium bisulphite consumed by sulphonation. 
Such are the conditions described by those plots of 
Fig. 2 which show the change of pH with time recorded 
during the digestion of white birch wood chips with 50% 
of their weight of sodium sulphite at 160°C. (run no. 
57, Table I), 170°C. (run no. 66), and 180°C. (run no. 
69). The fact that each of these curves shows a re- 
version of pH from a minimum was interpreted (10) as 
reflecting that sulphonation opposed the acidifying in- 
fluence of the wood acids. Hence, the increase in re- 
version with increasing temperature may be considered 
indicative of increasing sulphonation. 


+ The influence of the Donnan equilibrium is neglected here. 


LEGEND 
NazSO3 NaHCO3z NoHSOz 
(% ON O.D. WOOD) 
RUN A_ 10.0 
RUN B_ 9.8 
RUN C 10.1 
RUN D 103 
RUN E 10.1 
RUN F 29 


DIGESTER HEATED TO 100°C IN IS MINUTES, TO 
MAXIMUM TEMPERATURE OF I60°C IN 90 MINUTES 
(EXCEPT RUN F-60 MINUTES) 


40 Q 
O OF 
Sado 1 2 3 4 5 6 
TIME - HOURS 


Fig. 3. pH histories during heating and digestion of white 
birch chips with sodium sulphite-bisulphite solutions 
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LEGEND 
CHEMICALS CONTAINING: 
Na:4% SOp:6% 
Nai9%  S0p:20% 


DIGESTER HEATED TO 100°C IN 
1S MINUTES, TO MAXIMUM 
TEMPERATURE IN 45 MINUTES 


0 | 2 3 4 5 6 
TIME - HOURS 


Fig. 4. The variation of pH history in digestions at *‘pH”’ 


On the other hand, when the amount of sodium sul- 
phite is much smaller relative to the wood and the wood 
acids, these latter are sufficient in amount and strength 
to exceed the buffer capacity of the bisulphite-sulphite 
system. From curve I of Fig. 1 it might be expected 
that if these quantities were so related that the liquors 
could be acidified to pH levels about 6, without exhaus- 
tion of the wood acids, the sulphite-bisulphite buffer 
system should be essentially destroyed and there should 
be no barrier to an extensive drop in pH. However, in 
Fig. 3, the plot for run A (as well as the course of pH 
values previously recorded (/0)) shows that with white 
birch wood and about 10% of sodium sulphite, the 
liquors were acidified to the vicinity of pH 6 about the 
time that the maximum temperature of digestion was 
reached. Thereafter, the pH values decreased more 
slowly and became relatively constant within the range 
pH 5.2 to 4.8 during 3 or more hours of subsequent 
cooking. 

This phenomenon may be explained by the fact that 
the cooking liquors had come to be buffered by the so- 
dium acetate-acetic acid buffer system. From the in- 
ception of cooking, the liberation of the wood acids, in 
which acetic acid preponderates, serves to provide 
from the sodium sulphite equivalent amounts of so- 
dium bisulphite and sodium acetate according to the 
foregoing equation. While the bisulphite may be 
largely consumed in reaction with lignin, the sodium 
acetate accumulates in the liquors. If the number of 
moles of acetic acid coming into solution exceeds the 
number of moles of sodium sulphite, then that equilib- 
rium must be displaced far to the right and any 
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LEGEND 
APPLIED CHEMICALS CONTAINING : 


DIGESTIONS AT pH 4 


DIGESTIONS AT pH 5 


82 


J) 
+ 


n 
fe) 


YIELD OF PULP-PERCENT OF 0.0. WOOD 
fay 
Qn 


i 


5 6 


3 4 
TIME OF DIGESTION - HOURS 
(ADJUSTED FOR COOKING DURING HEATING TO MAXIMUM TEMPERATURE) 


Fig. 5. Yield of pulp versus time of digestion at pH 4 and 
at pH 


excess of acetic acid will serve to create, with the 
sodium acetate, a buffer system of continually increas- 
ing capacity to the point where the amount of acetic 
acid is equivalent to the amount of sodium acetate— 
about pH 4.75. 

Curve II of Fig. 1 was obtained by titrating a solu- 
tion of sodium sulphite with acetic acid to illustrate the 
buffering action of the acetic acid-sodium acetate sys- 
tem in the extreme case where none of the bisulphite is 
consumed. There is also to be observed the fact that 
the pH value of sodium bisulphite solutions (which vary 
with dilution between 4.8 at 4% by weight and 4.2 at 
0.3% by weight) fall into the range of values covered 
by that buffer system (ca. 3.7 to 5.7). This means 
that hardwood may be digested with any desirable pro- 
portion of sodium bisulphite atany pH level between, say, 
3.7 and 5.7 chosen by proportioning an additional small 
amount of sodium sulphite (or additional base) to the 
wood acids. And since the sodium acetate-acetic acid 
and sodium sulphite-bisulphite buffer systems blend 
together without significant discontinuity, it is fur- 
ther evident that any amount of bisulphite ion may be 
conveniently applied to white birch chips at any pH 
level in the wider range between 4 and 8 chosen by pro- 
portioning additional sodium base to the wood acids. 

The particular importance of this understanding lies 
in the previous finding (/0) that, at least within the 
range of pH 3.5 to 7, the removal of lignin from white 
birch wood at constant pH, temperature, and time, was 
subject to the concentration of bisulphite ions whereas 
the hydrolysis of the carbohydrate components of the 
wood was not. Hence, conditions have been realized 
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that allow the digestion of wood over a wide range of 
hydrolytic conditions to determine, at each chosen. con- 
dition, a minimum proportion of sulphur dioxide neces- 
sary to remove a practical maximum of lignin. And, 
since pulp strength properties vary with hydrolytic 
conditions, it should be possible to arrange experiments 
to reveal the influence of hydrolytic conditions upon 
pulp strength properties at a fixed content of lignin. 


The Influence of Sodium Bicarbonate and Other Alkaline 
Salts Upon the Course of pH During Digestion with Sodium 
Bisulphite 


This study, like much of the present day industrial 
processing, has been based upon batch processing of 
chips without any addition or withdrawal of chemical 
components during digestion. Consequently, it has 
importance to discuss here the diverse courses of pH 
change that accompany the application of different 
amounts of sodium sulphite together with sodium bi- 
carbonate, sodium bisulphite, sodium hydroxide, or 
sodium carbonate, as they may be apportioned to affect 
digestion at some chosen pH level within the wide range 
that has been shown to be governed by the acetate- 
acetic acid and sulphite-bisulphite buffer systems. 

It has already been shown that, when white birch 
wood is heated with 50% of its weight of sodium sul- 
phite, the acids diffusing from the chips can acidify the 
sulphite solution from its initial value of pH 9.5 to the 
realm of pH 7 by the time the digesting temperature is 
reached, and that the digestive liquors are subsequently 
buffered in the range 6.7 to 7.4. When smaller amounts 
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of sodium sulphite are applied to the wood, the course 
of pH falls from about the same initial level (the pH of 
sodium sulphite solutions vary with dilution) to pH 
levels below 7, but during the digestion at maximum 
temperature the liquors are still buffered by one or other 
of the two buffer systems. Thus, when 10% of sodium 
sulphite is used, the great part of the period of digestion 
at maximum temperature is spent in the neighborhood 
OiepElto. 

Now the wood may be subjected to less than 50% of 
sodium sulphite and the digestion conducted in liquors 
of pH 7, or higher, if additional alkaline base is added 
to offset some of the wood acids and thus prevent com- 
plete or very extensive conversion of sulphite to bisul- 
phite. When the added base is sodium bicarbonate, 
the pH values of the initial liquors fall further toward 
pH 8 as more bicarbonate is added (see Fig. 3) since 
sodium bicarbonate is a less alkaline salt than sodium 
sulphite. Upon heating such solutions in mixtures 
with wood, the acids from the wood change some of the 
sodium bicarbonate to carbonic acid and so create the 
carbonic acid-sodium bicarbonate buffer system which 
then is part of the restraint upon pH change until the 
digester is relieved of carbon dioxide—in this study, as 
soon as the maximum temperature was reached; but 
with the removal of the carbon dioxide, the control of 
pH depends upon the sulphite-bisulphite buffer system. 
The course of pH changes accompanying digestions 
with such mixtures is shown by the plots for runs B and 
C in Fig. 3. If a very large proportion of bicarbonate 
is used, then, upon relief of the carbon dioxide, the pH 
may increase (see run D) to the level where the solution 
is affected by the sodium carbonate-bicarbonate sys- 
tem. Under such conditions, retention of the carbon 
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dioxide would allow a less alkaline digestion and often a 
brighter pulp. 

The two curves of Fig. 2 labelled run no. 52 and run 
no. 53 reflect the course of pH during digestions with 
large portions of sodium bicarbonate accompanied by 
a very small proportion of sodium sulphite (5%). 
They show a rapid rise in pH accompanying relief of 
the carbon dioxide at the time when the maximum tem- 
perature was reached. Thereafter, the pH values fell 
through the upper range of the sulphite-bisulphite sys- 
tem which was too small in amount to hold the pH 
within a small range of values for any length of time 
during the cook although the one experiment was con- 
cluded about pH 7. In these experiments, the total 
amounts of applied chemicals were too small relative 
to the wood acids to allow establishment of the carbon- 
ate-bicarbonate buffer system as just described. 

The above considerations make it clear that, despite 
all contrary statements in the literature, sodium bicar- 
bonate is not truly the buffer in the usual application 
of the neutral sulphite process. It is, rather, used as 
a source of bicarbonate ions to accept protons from the 
wood acids and so to adjust the pH level of the sulphite- 
bisulphite buffer system. And this explanation does 
not allow it any pulping role. 

In like fashion, sodium carbonate or sodium hydrox- 
ide may be used as sources of ions to counteract the 
wood acids and to adjust the sulphite-bisulphite buffer 
system. They make the initial sodium sulphite solu- 
tions more alkaline but they can display their separate 
influence upon a digestion only during the period of 
time required for the wood acids to acidify the liquors 
into the range of the sulphite-bisulphite system. The 
greater the ratio of the soda ash or caustic to the sodium 
sulphite, and the greater the proportion of total chemi- 
cals to the wood, the longer is that period of alkaline 
digestion. 

To effect digestion at pH 5, about 10% of sodium 
sulphite must be applied to white birch wood and still 
smaller amounts must be used to reach lower pH levels. 
Nevertheless, at any such pH level within the range of 
the acetate buffer system, any desirable proportion of 
bisulphite ion may be applied by adding sodium bisul- 
phite as part of the fresh liquors. Such additions make 
the liquors more acid during the period of heating to 
maximum temperature but it is clear, from Fig. 3 (runs 
A and B) and Fig. 4, that they affect the acetate buffer 
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% 
system very little and so scarcely alter the pH level of 
digestion established by the proportion of sodium 
sulphite. 

In Fig. 3, the curve for run F shows the course of pH 
during heating and digestion with 3% of sodium sul- 
phite and 22% of sodium bisulphite in the lower range 
of the acetate buffer system. Such a digestion pro- 
vided, at the end of 4 hr. at 160°C., a 56% yield of pulp 
containing 5.4% of lignin. Similar yields of pulps, 
containing slightly less lignin, can be obtained in di- 
gestions with slightly less sodium base and during which 
the acetate-acetic acid buffer system serves to restrain 
the decline of pH throughout the great part of the pe- 
riod of digestion. 


Precision of pH Control 


In the experiments that form the basis for the sub- 
sequent discussion, white birch wood was digested at 
“oH 4,” “pH 5,” and ‘pH 7” with different propor- 
tions of sulphur dioxide by adjusting the proportions 
of the applied chemicals, sodium sulphite, sodium bi- 
sulphite, and sodium bicarbonate. From the preced- 
ing discussion it is clear that in no case was the pH con- 
stant throughout the period of heating and digestion. 

The curves of Fig. 4 show the courses of pH during 
digestions at “pH 5” which were effected by using 10% 
of sodium sulphite together with 1.5 or 24.5% of so- 
dium bisulphite. While the initial pH values differ 
appreciably with the proportion of bisulphite, it is clear 
that during the period of digestion at maximum tem- 
perature the two sets of experiments differed by less 
than 0.38 pH units. Of course, the plots for the period 
of digestion could be brought into coincidence by more 
precise proportioning of the sodium to the sulphur 
dioxide and the wood acids. 

At any temperature and with a chosen proportion of 
sulphur dioxide to base, digestions of differing duration 
followed almost exactly the same course of pH which 
fell to progressively lower levels as the period of diges- 
tion was extended. Thus, at 150°C. with 10% of 
NaySO; and 1.5% of NaHSO; (the uppermost curve), a 
cook of 3 hr. duration concluded at pH 5.1; one of 4 hr. 
duration at pH 5.0; and one of 5 hr. duration at pH 4.9. 
It would, of course, be possible to proportion the chemi- 
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cals so that each digestion was concluded at the same 
value, regardless of time, but then each cook would of 
necessity follow a slightly different course. As it 
stands, the differences in final pH level, resulting from 
different times of digestion, are slight. 

A greater difference results from changes in tempera- 
ture which affect the rate of acidification, by the wood 
acids, of the solution external to the chips. For ex- 
ample, digestions made with 10% of NaySO; together 
with 1.5% of NaHSO; had, at the end of 2 hr. at maxi- 
mum temperature, pH values (Fig. 4) of 5.2 at 150°C.; 
5.0 at 160°C.; and 4.8 at 170°C. 

Combining these several variations deriving from 
changes in time, temperature, and chemical proportion, 
it may be said that the digestions at ‘‘pH 4” were con- 
fined to the range between 3.8 and 4.5 (and these two 
extreme values pertain to cooking at the highest tem- 
perature, 170°C.); the digestions at “pH 5” to the 
range between pH 4.6 and pH 5.2; and the digestions 
at “pH 7” between a minimum of 6.7 and a maximum 
of 7.4. 


The Removal of Lignin and Pentosans from White Birch 
Wood 

Two series of experiments were made at pH 4 and 
150, 160, and 170°C. with mixtures of sodium sulphite 
and sodium bisulphite containing 9 and 23% of sulphur 
dioxide on the basis of the dry wood. ‘Two other such 
series were made at pH 5 with the same proportions of 
sodium (4 and 9%), hence with 6 and 20% of sulphur 
dioxide, while in a series of comparative neutral sul- 
phite digestions the greater amount of sodium was ap- 
plied and this choice dictated the application of 11% of 
sulphur dioxide. Despite the fact that 23 and 20% of 
sulphur dioxide are impractically large amounts for 
semichemical pulping, they were chosen to establish 
the contribution of such excesses. 

The plots of Fig. 5 show the rates of decline of pulp 
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yield at pH 4 and pH 5 between 150 and 170°C., and 
that the yield of pulp is not significantly affected by 
the proportion of bisulphite ion applied, time, tem- 
perature, and pH being constant. At pH 7, the rate of 
decline of pulp yield (not plotted—see Tables I and II, 
runs no. 45 to 50) is more gentle at corresponding tem- 
peratures and again not influenced by the proportion 
of bisulphite ion as the data for runs no. 52 to 66 show. 
Likewise the plots of Fig. 6 show the removal of the 
pentosans to be related to pH, time, and temperature, 
but not significantly affected by variation in the con- 
centration of bisulphite at pH 4 or pH 5. The data 
for runs no. 60, 61, and 62 confirm this conclusion for 
digestions at pH 7. However, the data for runs no. 63 
to 66 suggest that at pH 7 and higher temperatures the 
removal of pentosans diminishes as the concentrations 
of applied chemicals increases. Presumably this de- 
crease is related to a “salting out’ effect, and/or the 
changing Donnan equilibrium. 

The influence of hydrogen-ion concentration upon 
the removal of pentosans, at fixed time and tempera- 
ture, is shown in the semilogarithmic plot of Fig. 7 
which includes data not otherwise presented in this re- 
port. It is to be noted that the pH values of the waste 
liquors are used in this figure. Since the pH values 
varied during each experiment, as has been explained, 
the plotted points are somewhat scattered. 

The removal of lignin from the wood is subject to all 
the variables that affect the pentosans and in addition 
to the concentration of applied bisulphite, as the plots 
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of Fig. 8 demonstrate. The influence of hydrogen ion 
and bisulphite ion concentration at fixed time and tem- 
perature are shown in Fig. 9 which also includes data 
not otherwise presented in this report. In this latter 
figure, it is to be observed that the shapes of the curves 
for lignin removal qualitatively reflect both changing 
hydrogen ion concentration and changing bisulphite 
ion concentration which are mapped in Fig. 10. The 
extreme right hand portions of these curves reveal that 
lignin removal falls off markedly above pH 8 as the 
concentration of bisulphite ions falls to insignificance. 
Since the sulphite ion concentration increases there 
correspondingly, these data would seem to preclude 
the sulphite ion as a sulphonating agent in this pH 
range. Otherwise, it must be assumed that alkaline 
rearrangement of some part of the lignin has effectively 
prohibited its removal by the mechanisms pertaining 
at lower pH levels. The curve representing the ap- 
plication of 5% of SO. terminates short of pH 4, be- 
cause the consumption of bisulphite from liquors held 
for 4 hr. at 160°C. and pH 4, or less, 1s greater than the 
amount provided by 5% of SOs. Hence, lignin re- 
moval with 5% of SOs, is limited at lower pH levels by 
inadequate sulphonation and “burning,” as was pre- 
viously demonstrated (/0). The curve corresponding 
to 15% of SO. would presumably rise more steeply at 
its acid end if, in that region, the amount of applied 
bisulphite was not diminished by the dissociation of 
sulphurous acid and volatilization of some sulphur 
dioxide. Within the range of present interest, be- 
tween pH 4 and pH 8, it is apparent that the amounts 
of lignin removed with increasing proportions of sul- 
phur dioxide are somewhat greater as the hydrogen ion 
concentration increases. However, it must also be 
observed that, at any pH level, this gain is quite dis- 
proportionate to the increase in applied chemicals 
whence arises need to define, for practical semichemical 
pulping, a minimum chemical proportion of maximum 
efficiency in removing lignin. 

Such definition is provided by Fig. 11 in which each 
curve represents a series of digestions to constant yield. 
Within each series, the liquor to wood ratio was fixed at 
4.67 liters per kg. and the time of digestion at 4 hr. 
The pH histories within each series were also relatively 
constant, as has been explained, with the exception of 
the experiments employing about 2.5% of SO». at 
‘oH 7.” In these digestions the course of pH could 
not be confined to the same narrow limits because of 
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* The experiments marked with the asterisk were made upon wood B and all others upon wood A. 
» Digester heated to maximum temperature in 45 min. in all experiments except: run 51—60 min.; runs 52 to 57 and 63 to 69, inclusive—90 min 
) : 
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Table IH. Chemical Analysis and Physical Properties of the Pulps 


Pulp strength properties 
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@ The experiments marked with the asterisk were madeupon wood B and all others upon wood A. 
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the very small proportion of the bisulphite-sulphite 
buffer system. 

The plots of Fig. 11 make it apparent that, as the 
proportion of sulphur dioxide applied to the wood is in- 
creased, its efficiency in the removal of lignin changes 
abruptly in the range of 4 to 8% of SOs, on the weight 
of the wood, when the liquor to wood ratio is 4.7 :1. 
At either pH 5 or pH 7, lignin removal increases very 
slightly even with much larger amounts and falls off 
markedly with lesser amounts. Furthermore, 5% of 
SO, (10% of sodium sulphite) is shown to remove 90%, 
or more, of the amounts of lignin that can be removed 
with 10 to 25% of SO: at pH 5 or 20 to 50% of sodium 
sulphite at pH 7. 

That the efficiency of the cooking chemicals should 
vary so may be rationalized with current theory of sul- 
phite pulping if it may be considered that, in digestions 
with chemicals containing less than 6% (basis: oven- 
dry wood) of SOs, lignin removal was limited by inade- 
quate sulphonation. With increasing concentrations 
of bisulphite ion, sulphonation would proceed more 
rapidly and extensively. Then, lignin removal in the 
same period of time (at constant pH and temperature) 
would increase until the limitation would lie in the rate 
of hydrolysis and to lesser extent in the limited maxi- 
mum degree of sulphonation allowed by the environ- 
ment. Indeed, such limiting conditions have been 
illustrated by Haggroth, Lindgren, and Saedén (11) 
with data for softwood meal. 

Now the correlation made here, that lignin removal 
is a function of bisulphite ion concentration throughout 
the range of the bisulphite-sulphite buffer system, is 
contradicted by Ross, Hart, Strapp, and Yean (1/2). 
They showed that a sodium sulphite-bisulphite solu- 
tion of about pH 6 and containing 0.506 moles per liter 
of SO: (equivalent to about 19.5% of SOz on the weight 
of wood used) provided a 93.6% yield of residue from 
spruce-balsam chips digested for 4 hr. at 140°C. The 
residue contained 26.6% of TAPPI lignin and 0.85% 
of sulphur. From a similar experiment employing twice 
the amounts of sodium hydroxide and sulphur dioxide, 
they obtained essentially the same yield of residue 
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having 26.1% of lignin and 0.82% of sulphur. They 
then drew the conclusion that, “the extent of sulpho- 
nation was not a function of either the sulphite or bi- 
sulphite present.” However, their interpretation is in 
error if it may be agreed that the sulphite ion is ineffec- 
tive for sulphonation. Their data does not allow for 
the fact that the proportion of wood acids remained 
constant and hence the experiment with the greater 
amount of sodium hydroxide must have taken place at 
a higher pH level. Of course, the amounts of wood 
acids provided by spruce and balsam woods are rather 
smaller than the amounts provided by white birch 
wood. Nevertheless, they would consume their equiva- 
lent of caustic and it is to be observed in Fig. 10 that, 
above pH 6 (and their two experiments just mentioned 
would seem to have been made in this range), slight 
changes in pH effect drastic changes in bisulphite ion 
concentration and the sulphite-bisulphite ratio. The 
second experiment then, probably, was not made with 
twice the concentration of bisulphite and may not have 
employed a significantly greater concentration. Fur- 
thermore, assuming that spruce-balsam wood is affected 
at pH 6 to 7, by changing bisulphite ion concentration 
in manner comparable to that shown in Fig. 11 for 
white birch wood, increasing the amount of applied 
sulphur dioxide from 19.5 to 39% of the weight of the 
wood would not be expected to affect the yield of resi- 
due significantly and the lignin content but very little, 
perhaps imperceptibly. 

Returning to the plots of Fig. 8, it will be noticed 
that the curves for any one temperature diverge with 
time. This divergence should be interpreted by the 
decreasing efficiency, with time, of the lesser proportion 
of sulphur dioxide because such solutions approach, 
with time, much closer to complete consumption of the 
available bisulphite than do richer solutions. 


Lignin Content of Pulps 


The result of removing lignin and polyoses from the 
chips is, of course, softened chips which upon disinte- 
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gration provide a pulp of some certain lignin content 
The lignin contents of pulps of diverse yield are shown 
in Fig. 12 for digestions at pH 4, Fig. 13 for digestions 
at pH 5, and Fig. 14 for digestions at pH 7. 

The first clear observation to be drawn from these 
plots is that, at each pH level, any fixed proportion of 
sulphur dioxide provides pulps of higher lignin content 
as the temperature is increased. 

Secondly, with wood A, the effects of pH change upon 
lignin and carbohydrate removal are such that no less 
and perhaps a slightly greater proportion of lignin is 
removed at pH 4 compared to pH 5 (compare the plots 
of Figs. 12 and 13). Of course, these plots do not allow 
comparison, at the two pH levels, of digestions with 
exactly the same proportions of sulphur dioxide, but 
it has just been shown (Fig. 11) that with more than 
8% of SO. the rate of gain in lignin removal, with in- 
crease of sulphur dioxide, is slight. The digestions 
with 20% of SO. at pH 5 may, then, be compared with 
digestions made with 23% of SO. at pH 4. So com- 
paring, it is found that, at 150°C., digestions to 76% 
yield at either pH 4 or,pH 5 would contain close to 
11.5% of lignin. 

At pH 5 and 160°C., chemicals containing 6% of 
SO, would provide (Fig. 13) a 70% yield of pulp con- 
taining just over 12% of lignin from wood A. This 
same yield of pulp obtained at pH 4 and 160°C., with 
chemicals containing 9% of SOs, would contain 12% of 
lignin. Digested with only 6% of SOs, it would con- 
tain essentially the same amount as the pulp digested 
Se a) a ay 

Unfortunately, the unavoidable change from white 
birch wood A to white birch wood B during this study 
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Fig. 16. Burst factor and tear factor versus yield, for 
pulps from wood B digested at pH 5 and pH 7 


prohibits extensive comparison between digestions at 
pH 4 or pH 5 and those made at pH 7. The few com- 
parisons that can be made indicate that, at pH 7, any 
chosen quantity of sulphur dioxide is only slightly more, 
indeed, insignificantly more selective of lignin in diges- 
tions of relatively short duration. Thus, at pH 7 and 
160°C., 3.25 hr. of digestion with 11% of SO. would 
provide 76% of pulp containing 12.5% of lignin. After 
8 to 10 hr. a 70% vield of pulp containing less than 10% 
of lignin (by extrapolation) could apparently be ob- 
tained. At 180°C., 1.25 hr. of digestion would provide 
a 70% yield of pulp with 11% of lignin. In compari- 
son, at pH 5 and 160°C., the same wood provided 70% 
of pulp with 11% of lignin after 4 hr. of digestion. 

It would seem then that the preparation of semi- 
chemical pulps with sodium bisulphite at pH levels 
below 7 has two principal advantages. For any prac- 
tical proportion of sulphur dioxide the amount of base 
decreases with pH and for 5% of SOs applied at pH 4 is 
slightly more than one-third that required at pH 7. 
Secondly, the time required at any temperature or the 
amount of heat required for any fixed time is less. 
Whereas, at 160°C. and pH 7 4.5 hr. of digestion pro- 
duce a 74% yield of pulp containing 11.5 to 12% of 
lignin, only 1.75 hr. are required at pH 4. 


Pulp Strength Properties 


The bursting strength and tearing strength, at 300 
ml. Canadian Standard freeness, of the pulps prepared 
at pH 4 and pH 5 are plotted, against the yields of 
pulps, in Fig. 15. These plots do not reveal any clear 
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influence of the pH of digestion upon these strength 
properties. Rather, it would seem that the strength 
properties relate principally to the yield of pulp and the 
hydrolytic conditions of digestion. And for any fixed 
yield these is no suggestion that the slightly different 
degrees of lignin removal effected by the two different 
proportions of sulphur dioxide have significant influ- 
ence upon pulp strength. 

Again the change from wood A to wood B prohibits 
clear comparison of the strengths of pulps digested at 
pH 7 with those prepared at pH 4and pH 5. However, 
Fig. 16 shows the burst and tear strengths for a few 
pulps prepared at pH 5 and pH 7 from wood B. These 
plots provide the suggestion that between pH 5 and pH 
7 the strength properties are also to be related to the 
yield and are not otherwise greatly affected by changing 
conditions of digestion. They also show that the 
strength properties of pulps prepared from wood B are 
superior to those shown in Fig. 15 for wood A. 

In future communications we will extend some of 
these relationships and demonstrate further utility of 
the understanding developed here. 


LITERATURE CITED 


1. Hagglund, E., “Chemistry of Wood,” page 414, New York, 
Academic Press, Inc. (1951). 


2. Calhoun, J. M., Yorston, F. H., and Maass, O., Can. J. 
Research 15B: 457 (1937). 

3. Yorston, F. H., “Studies in Sulphite Pulping,’”’ Canada, 

Dept. of Mines and Resources, Lands, Park and Forests 

Branch, Dominion Forest Service, Bulletin 97 (1942). 

Hart, J. S., and Strapp, R. K., Pulp Paper Mag. Can. 

52No.7: 148(1951). 

Schelhorn, F. B., Paper Trade J. 119, No. 23: 39-46 (Dec. 

7, 1944). 

Rue, PD. Wells, S. D., Rawling, F. G., and Staidl, J. A., 

Paper Trade J. 83, No. 13: 50-53 (Sept. 23, 1926). 

Bray, Mark W., and Eastwood, Paul R., Paper Trade J. 90, 

No. 25: 57-60 (June 19, 1930); Paper Trade J. 93, No. 17: 

38-42 (Oct. 22, 1931). 

8. Keller, E. L., and McGovern, J. N., Tappi 32, No. 9: 
400-405 (1949). 

9. McGovern, J. N., ‘University of Maine Lectures on Pulp 
and Paper Manufacture,” Series II, page 105, New York, 
Lockwood Trade Journal Co., Inc. (1953). 

10. Husband, R. M., Tappi 36, No. 12: 529-534 (1953). 

11. Haggroth, S., Lindgren, Bengt O., and Saedén Ulla, Svensk 
Papperstidning 56: 660-669 (1953). 

12. Ross, J. Hi, Hart, J. Si; Strapp, RK Yean, We Os aulp 

Paper Mag. Can. 52, No. 10: 116 (Sept., 1951). 


SRIe Fe TP ts 


Recervep April 28, 1955. Presented at the 40th Annual Meeting of the 
Technical Association of the Pulp and Paper Industry, New York, N. Y., 
Feb. 21—24, 1955. 


This report stems from a continuing program of research sponsored by the 
Empire State Paper Research Associates in cooperation with the State 
University of New York, College of Forestry, Syracuse, N. Y 


The author is pleased to acknowledge the technical assistance of S. 
Rothenberg and R. LaPlaine who prepared all of the pulps; of M. Minasian 
who made the beating tests; and of C. Dence who made all of the chemical 
analyses. 


Laboratory Preparation of Alkali Cellulose According to the 
Slurry Steeping—Continuous Shredding Process 


MILTON O. SCHUR and PETER C. MUFFAT 


Laboratory apparatus is described and a procedure given 
for the preparation of alkali cellulose under reproducible 
conditions according to the method of slurry steeping and 
continuous, one-pass shredding. Typical data are pre- 
sented. 


AurHouGH the literature mentions laboratory 
slurry steeping in the preparation of alkali cellulose 
(1-4), no details have been published, so far as the 
authors know, on equipment or technique. It became 
necessary to develop a laboratory procedure, in con- 
nection with research on the suitability of certain woods 
for the manufacture of dissolving pulp to be converted 
into viscose by the process of slurry steeping of drier 
stock (5, 6, 7) and one-pass shredding (8) of alkali cellu- 
lose. Below is a description of the laboratory evalua- 
tion procedure, which has been found most helpful in 
research work. 

So far as is practicable and necessary, the laboratory 
should follow closely the process as used in the plant. 
In one method of carrying out the process commercially 
(8), fiber, in the form of drier board is fed to a slurry 
tank, along with steeping liquor returned from the 
alkali cellulose press and the requisite quantity of fresh 
steeping liquor. The tank is provided with an agitator 
which rapidly breaks up the drier sheets and distrib- 
utes the fiber throughout the slurry. By means of a 
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pump, the stock is circulated from the bottom of the 
slurry tank to the top through an external pipe, and 
an amount of pulp equivalent to the feed is directed to 
a continuous alkali cellulose press. In a typical instal- 
lation, the calculated average time the fibers are in the 
tank is about 15 min., on a weight basis. Calculation 
also indicates that at any moment after equilibrium 
conditions have been established, 25% (by weight) of 
the fibers being pumped to the press have been in the 
tank about 4 minutes or less; 50%, 10 min. or less; 75%, 
21 min. or less; 90%, 34 min. or less; 99%, 69 min. or 
less; and 99.9%, 103 min. or less. Calculation also 
indicates that when the plant is started up after a shut- 
down and clean-up, if the tank is first filled with steep- 
ing liquor, and then the pulp feed, steeping liquid feed, 
and discharge pump are started, 99.9% of the equilib- 
rium concentration of fiber is reached in the steeping 
tank in about 103 min. 

In order to approximate this schedule in the labora- 
tory, one might charge a bucket with steeping liquor, 
and, while maintaining the necessary agitation, add 
0.2% of the pulp sample over a 10-min. interval, then 
0.2% of the sample over the next 10 min., followed by 
0.4, 0.8, 1.56, 3.13, 6.25, 12.5, 25, and 50%, over suc- 
cessive 10-min. intervals, before draining the steeping 
liquor from the pulp and pressing the pulp cake to the 
desired press-weight ratio. However, since no two 
plants would necessarily operate according to the same 
schedule of rate of feed of pulp, or at the same equilib- 
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SECTION A-A 
Fig. 1. Slurry bucket 


rium concentration of pulp in the slurry tank, or would 
have the same size slurry tank, etc., and since the time 
of steeping, in the case of the pulps that occupied the 
authors’ attention, was not found to be important as to 
effect upon filterability or upon “‘slowness” of the steeped 
pulp, within the time limits studied, namely, 5 to 60 
min., the pulp was simply added to the slurry bucket 
over a period of 5 min. and agitation continued for 15 
min. before draining the steeping liquor from the pulp.* 

Nor was the steeping liquor ordinarily recycled in 
order to build up the hemicellulose content, for the 
number of steepings required to attain, say, 95% of the 
equilibrium concentration of hemicellulose would be at 
least 45. Such a series of steepings takes about 36 hr. 
of work, which is best done without a break in schedule 
if flocculation and settling out of hemicellulose is to be 
minimized. 

A detailed description of the apparatus and proce- 
dure used follows: 


SLURRY STEEPING 
Apparatus 


A 3-gal. neoprene bucket is provided with a three- 
blade stainless steel screw propeller type of agitator, 
4 in. in diameter, driven by a 1/,-hp. variable speed motor 

* The fundamental equation upon which these calculations are based is 
Wde = cdw, where W = total weight of slurry in steeping tank after equilib- 
rium conditions are attained, c = concentration of pulp (weight fraction) 


in slurry under those conditions; and w = weight of slurry being removed 
per second. From the fundamental equation, it follows that the fraction of 


all fibers in tank which have been there ¢ min. or less = Sic —ktdt/ Sv “Ktdt, 
where k = w/W. 
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(Figs. 1 and 2). The bucket is fitted with a removable 
transparent cover (Lucite) through which the shaft of 
the agitator passes. Suspended from the cover is a 
vertical stainless steel rod which supports a stainless 
steel draft tube. The bottom of the propeller and the 
bottom of the draft tube are located about 1 in. above 
the floor of the bucket. The transparent cover is pro- 
vided with a removable section to facilitate access to the 
interior of the bucket. 


Procedure 


Measure 9500 ml. + 50 ml. of steeping liquor into 
the neoprene bucket. Start the agitator, using a speed 
that will produce a gentle vortex above the agitator. 
Feed 400 grams of pulp, previously conditioned at 60% 
relative humidity, and cut into sheets 2 by 2 in., into 
the vortex, piece by piece, as rapidly as possible with- 
out clogging the agitator. During the addition, in- 
crease the speed of the stirrer as needed to maintain 
circulation down through the draft tube. Should pieces 
of pulp become lodged against the stainless steel rod 
supporting the draft tube, free them with a spatula or 
the like. 

After the charge of pulp has been added, (which 
should take about 5 min.), continue the stirring for 15 
min. at a speed just sufficient to maintain gentle cir- 
culation through the draft tube. 


PRESSING OF ALKALI CELLULOSE 


Apparatus 


The slurry press is shown in Figs. 3, 4, 5, and 6. It 
consists of a vertical cylindrical container, inside diam- 
eter 11°/, in., lined with stainless steel sheeting. It is 
provided at the bottom with a perforated Lucite drain 
plate and with pipe fittings for carrying off steeping 


Fig. 2. 


Slurry bucket 


589 


sy. Bary 
ES Neate 
20 TON HYDRAULIC | 

JACK @ PUMP su 
vt 

= 

2 
oe et 

TO DRAIN 

‘o 
rm 


Raa ries: 


SECTION A-A 


iy 
% 
“ELEVATION 


Fig. 3. Press 


liquor. The bottom of the drain plate is grooved so as 
to permit free flow of liquor from any perforation to the 
drain pipe. 

Resting on the drain plate is a 16-mesh wire screen on 
top of which are a perforated metal plate and two layers 
of 16-mesh wire screen. ‘The perforated metal plate is 
fastened by means of a machine screw to the top end 
of a vertical rod which passes through a packing gland 
at the bottom of the press. The rod, and therefore the 
perforated metal plate, may be raised or lowered by 
means of a rack and pinion, as shown in the figure. 

The steeping press is also provided with a removable 
platen, 111'/, in. in diameter, and a hydraulic ram by 
means of which the platen can be forced downward in 
the container. 

All metal parts coming in contact with the steeping 
liquor are of stainless steel. 


Procedure 


Lower the perforated metal plate as far as it will go, 
place two of the 16-mesh stainless steel screens on the 
perforated metal plate, and shut the drain valve. Pour 
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Fig. 5. Press 


the pulp slurry into the container. Open the drain 
valve, and note the rate at which the steeping liquor 
drains from the pulp (as by recording the number of 
seconds for 2 liters and for 3 liters of liquor to come 
through). Now place a 16-mesh wire screen on the sur- 
face of the drained pulp, place the removable platen on 
the uppermost wire screen, and apply hydraulic pres- 
sure to the platen until the desired press weight ratio is 
almost attained, as estimated from the total volume of 
steeping liquor drained and expressed from the pulp. 

Remove the platen from the container, raise the 
press cake by means of the rack and pinion arrange- 
ment and weigh the cake. From the weight, calculate 
the number of milliliters of steeping liquor yet to be 
expressed from the cake. 


Fig. 6. Press parts 
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Table I. 


Typical Data for Various Pulps 


Western New England 
softwoods hardwoods Sweet gum Shortleaf pine 
Type of cook Sulphite Sulphite i l ‘ 
Te vse een e 7 D me gas aed kraft Pi epee kraft 
Alpha-cellulose content, % 90.5 86.1 93.0 95.0 
Time to drain 3 liters steeping liquor, sec. 82 150 68 73 
Press-weight ratio after 5 min. at 20,000 
lb. pressure 3.00 2.75 2.70 2295 
Filterability 655 500 420 175 


Replace the press cake in the container, the 16-mesh 
screen and the platen. Apply hydraulic pressure until 
the calculated final number of milliliters of steeping 
liquor have drained from the press. Remove the press 
cake and reweigh. The weight should be very close to 
that desired. 


Noles: 

1. For the closest work, it is recommended that the con- 
tainer be jacketed in order that the temperature of the steeping 
liquor can be maintained constant during the draining and press- 
ing steps. 

2. During the pressing of the cake, a relatively small quan- 
tity of steeping liquor will rise around the platen. This layer 
of liquor is readily sucked out of the steeping container through 
a rubber tube attached to a suction flask. Its volume is taken 
into consideration in estimating when the desired press ratio has 
been approached during the pressing operation. 

3. The behavior of the alkali cellulose to be expected in 
plant pressing operations is manifestly indicated by (1) the time 
required for the free draining of steeping liquor, (2) the maxi- 
mum pressure required to give the desired press ratio, (3) the rate 
of draining of liquor from the cake while some standard pressure 
is applied to it, and (4) the press ratio obtained in (3). 

4. The thickness of the press cake will ordinarily be found to 
be between 1.7 and 2.2 cm., depending on the pulp. 


ONE-PASS SHREDDING 


Apparatus 


A Sprout-Waldron shredder, type 12, with plates 
17779-S and 17780-R, is used. A sheet metal adapter 
is provided at the outlet of the shredder to facilitate 
air-tight attachment of a polyethylene bag which re- 
ceives the shredded alkali cellulose without permitting 
flow of air through the shredder (Figs. 7 and 8). 


Procedure 


To adjust the clearance between the plates of the 
shredder, turn the adjusting handwheel until the plates 
touch, then turn the handwheel in the opposite direc- 
tion three full turns. Each complete turn changes the 
clearance between the plates 2.0mm. Tighten the lock 
nut and start the shredder. 

Tear the press cake apart by hand into pieces about 
1 in. across and feed the pieces into the shredder hopper 
as fast as the shredder will take the stock. The time 
each piece is in the shredder is only a second or two. 
The entire time consumed in feeding the press cake into 
the hopper is only about 2 or 3 min. 


Note: Too narrow a clearance between the shredder plates 
may cause low filterability results. The clearance used should 
be about the largest that will give shreds free from chunks of 
press cake. 


PREPARATION OF VISCOSE SOLUTION 


Compress the alkali cellulose to a bulk density of 
* 200 to 250 grams per liter (8). This can be done in any 
convenient way, as by means of a plunger in a cylin- 
drical container. Age the alkali cellulose, xanthate it, 
October 1955 
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Sprout Waldron shredder 


prepare viscose solutions according to any desired 
schedule, and measure filterability. 


TYPICAL EXPERIMENTAL DATA 


By way of example, data obtained with a number of 
different pulps are given in Table I. Filterability is 
expressed as grams of viscose passing through 1 sq. in. 
of filtering medium up to the time the filter plugs. 

The details of the conditions used in the preparation 
of the viscose are as follows: 

1. Steeping: Liquor concentration, 17.5% NaOH, 
initial temperature, 36°C. 

2. Press-weight ratio: 2.70 + 0.05 (weight of 
press cake divided by the weight of pulp added to the 
steeping bucket). 

3. Aging: At 30 to 35°C. until the cupriethylene- 
diamine viscosity of the cellulose in the press cake drops 
to 2.7 to 3.0 cp. by TAPPI Standard T-230 (0.5% cellu- 
lose in cupriethylenediamine). The sample of cellu- 
lose taken from the cake for the viscosity test is freed of 
caustic soda by acidification of the alkali cellulose with 
acetic acid, then is washed and dried. 

4. Carbon disulphide charge: 28%, based on cellu- 
lose in the alkali cellulose. Cellulose is determined by 
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Table II. 


Filterability of Pulps Before and After Being 


Precut in Wiley Mill 


= 


—Filterability Fiber length, mm. 


Wiley Wiley 
2 by 2-in. mill 2 by 2-in. mall 
Description of pulp used Process used in mfr. of pulp sheets material sheets material 

Western softwoods Sulphite 600 630 12, pst 
Southern pine pulp Sulphite 220 790 1.8 Pe 
Scotch pine pulp Prehydrolyzed kraft 250 460 1.6 a 
Laboratory pulp prepared from shortleaf pine Prehydrolyzed kraft 175 525 2.5 0.8 
Laboratory pulp prepared from loblolly pine Prehydrolyzed kraft De 510 2.4 0.7 
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Fig. 8. Sprout Waldron shredder, open 


acidification of the alkali cellulose with acetic acid, 
followed by washing and drying of the residue. 

5. Time and temperature of xanthation: 120 min. 
at 30°C. 

6. Dissolving: 150 min. at 18°C. 

7. Composition of viscose: 8.5% cellulose (mate- 


500 


400 |-— 


300 


FILTERABILITY 


200 


100 


EXTERIOR SURFACE OF PIECES OF PULP SHEET 
PER UNIT WEIGHT (SQ. IN. /GRAM) 


Fig. 9. Effect of cutting of pulp sheets on filterability 
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rial insoluble in dilute sulphuric acid) and 5.25% NaOH 
by weight. 
8. Ripening time: 0 hr. 
9. Pressure in filter: 60 p.s.1. 
10. Area of filter: 1.603 sq. cm. 
11. Filter medium: The viscose passes first through 
a layer of unbleached sheeting, thread count 48 by 44, 
3.9 oz. per sq. yd., then through a layer of cotton bat- 
ting, 4.0 oz. per sq. yd., and finally through a layer of 
canton flannel, thread count 40 by 65, 6 oz. per sq. yd., 
nap side in. 


STUDY OF THE EFFECT OF SIZE OF PULP SHEETS 


On the basis of a working hypothesis evolved during 
research on the pulping of southern pines, the authors 
were led to study the effect on filterability of increasing 
the area of the pulp sheet available for absorption of the 
steeping liquor. It was found that if the size of the 
pieces of pulp sheet, cut with shears to predetermined 
dimensions, is greatly reduced, the filterability of pine 
pulps is markedly improved. 

The experimental data obtained are shown in Fig. 9. 
The conditions of temperature, time, concentration, ete. 
used in the preparation of the viscose were as given in 
the preceding section. 

In another experiment, drier stock was cut in a Wiley 
mill provided with a coarse screen. Of the cut mate- 
rial, 95% was retained on a screen having openings 1.0 
by 1.0 mm., 50% on a screen having openings 2.0 by 
2.0mm. The results obtained are given in Table II. 

The data given in Tables I and II and in Fig. 9 are 
indicative of the kind of information that may be se- 
cured with the apparatus and procedure described 
above. The conditions used in the preparation of the 
viscose solution are, of course, subject to considerable 
variation. Those outlined are manifestly unfavorable 
for the attainment of highest filterability; on the other 
hand, they tend to distinguish more readily between 
pulps. 
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Preliminary Investigations on Alkaline Pulping of Bamboo 


REAVIS C. SPROULL 


Preliminary data are given on the alkaline pulping of 
several varieties of bamboo with cooking conditions, yields, 
and handsheet properties cited. 


THE paper industry is a very dynamic one. In 
14 years it has more than doubled its consumption of 
raw material and the per capita consumption of paper 
products has more than doubled (1). Reliable pre- 
dictions adjudge this to be a sustained growth con- 
dition. For this reason more and more raw material 
will be needed. <A potential source is bamboo whose 
new culms, once a clump is established, make their full 
growth within a 6-week period in each year (2). This 
plant can also be grown in large quantities on land in 
the south which is presently nonproductive. 

Many species of bamboos have been used for the 
manufacture of limited quantities of paper in many 
foreign countries. The report from the Engineering 
Experiment Station of the Georgia Institute of Tech- 
nology (pp. 24, 26) comprehensively surveys the use 
of bamboo in those countries. Most of the methods 
used would not be practical for mass production in the 
United States. 

Bamboo paper has attained the rating of a major 
industry only in India and Pakistan where about 
80,000 tons per year of bamboo pulp are being used in a 
variety of papers. 

Most of the known methods of pulping have been 
applied to bamboo. Least promising of the conven- 
tional methods is mechanical pulping. This may be 
attributed to difficulty of holding the culm against the 
stone, the difference in structure of the node and inter- 
node, and change in hardness with drying. 

The sulphite, semichemical, and other acid or 
neutral methods have not shown as much promise as 
alkaline processes. Good pulps have been obtained 
by the soda and kraft processes or modifications thereof. 

Two modifications, the Gruco process (3) and the 
Raitt process (4), have yielded the best quality pulps. 
These both may be considered as mild modified kraft 
or modified soda cooks. 

The Gruco method consists of: (a) a cooking liquor 
composed of 75 to 80 grams of NaOH plus 12 to 15 
grams of Nass per liter of liquor, (b) a total cooking 
period not in excess of 4 hr., (c) reduction of the cooking 
temperature to range of 140 to 160°C. 

In the Raitt process the principle of “fractional di- 
gestion” is applied (4-7). The process consists of 
removal of soluble substances in the raw material by 
stages according to their different degrees of solubility, 
using a combination of spent liquor and caustic. The 
reason for this is discussed in references (2) and (8) 
and is based on selective removal of the three unde- 
sirable components, namely: (1) water-soluble salts, 
starches, sugars, etc.; (2) soluble pectins, fats, waxes, 
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and gums in 1% alkali at 100°C.; and (3) alkali- 
soluble lignin, acids, etc., in 4% alkali at 130°C. Re- 
moval is accomplished in two stages. 

Table I shows results obtained at Herty on two 
pilot plant kraft cooks using Phyllostachys bambusoides 
(9). 

In another kraft series directed at making pulp for 
unbleached papers a yield of 40% was obtained using 
15% active Na,O at a cooking time of 2 hr., a pressure 
of 100 p.s.i., and a cooking temperature of 165 to 169°C. 
The permanganate numbers were in the range of 16 to 
27 (9). Boards of various weights were made from 
this pulp and from mixtures with other pulps. 

The bamboo kraft pulp appears to be intermediate 
in properties between pulp of southern pine and 
southern gum. The chips pulped to a permanganate 
number of 17 with consumption of 14% active alkali 
as Na,O. The use of 18% Na.O gave a pulp of 10.4 
permanganate number. 


CURRENT EXPERIMENTS 


The Jength and width of the raw bamboo fiber and 
samples of pulp made therefrom have been measured. 
These data will be reported elsewhere. Two points of 
interest may be the method of preparing the raw 
fiber by soaking in 10% NaOH for 18 min. at 15 p.s.i. 
and the use of a Projektina as a rapid screening device 
for fiber dimensions. 

Generally the fiber lengths of the bamboos are about 
like hardwood but the bamboos show a higher length 
to width ratio. Table II shows a comparison of some 
species. Other determinations have been made. The 
results are of the same order of magnitude. 

Kraft and modified Raitt processes have been applied 
with southern pine as reference. 

Exploratory cooks were made with water and dilute 
alkali at 140 to 160°C. to obtain a semiquantitative 
measure of the product quality, yield, and alkali 
required to neutralize the bamboo acids and maintain 
a safe pH. To maintain a pH of 8 to 9 about 8% 
NaOH on the basis of the dry bamboo was required at 
an unbleached unrefined pulp yield of 85%. The soda 
cooked semichemical] pulp was of poor quality. 

Kraft Cooks. After varying ratio and conditions the 
general conditions of 18% active Na,O and 19% 
sulphidity at a liquor to fiber ratio of 8:1 for 2 hr. at 
160 to 170°C. were adopted. Cooking was done in a 
small stationary, gas-fired digester with liquor circu- 
lated. Fifteen hundred to eighteen hundred grams, 
calculated dry, bamboo was used for each cook. 

Cooks were made from different positions along the 
culm, some near the base, the middle, and top. The 
wet pulp was hammermilled, wet yield determined, and 
the pulp air dried. 

The weight contained in a cubic foot box was used to 
determine apparent density of some of the chips. 
Bleachability potential was measured by the modified 
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Table I. Pilot Plant Kraft Cooks (9) 


Conditions and results Cook no. 1 Cook no. 2 

Total alkali, g./]. Na,O 96.5 93.6 
Active alkali, g./l. Na,O 86.9 84.2 
Per cent Naz,O on chips 18.0 14.0 
Ratio of wood to total liquor 1:4.0 1:4.0 
Ratio of wood to black liquor 1 Ole7 IS). 
Maximum cooking temperature, °C. 176 176 
Time to maximum temperature, hr. 1.0 0 
Total cooking time, hr. 3.5 3.5 
Per cent screened pulp yield 36.2 38.2 
Per cent screenings, based on chips 0.0 0.4 
TAPPI permanganate number 10.4 16.9 
Chlorine consumption, % 5.25 Tati 
Bleached brightness, G.E. 75 81.9 
Bursting strength unbleached, factor 

range 1.61-1.86 
Bursting strength bleached, factor range 1.28-1.60 
Tear unbleached, factor range 5.15-3 .82 
Tear bleached, factor range 3. 26-2.70 


Tingle number (//) and fiber classifications were made 
on the Clark classifier. Typical results are shown in 
Table III. On thorough drying the pulp was difficult 
to re-wet. The use of a small Dynapulper assisted the 
wetting without hydrating the pulp. 

Comparing yields, based on 59 cooks, some not listed 
in the table, the bottom gave a composite yield of 52%, 
whereas the middle and top sections gave a yield of 
50%. This would not be significant to justify sep- 
aration, especially when the difference in volume 
between the sections is considered. 

Within the limitations of these data, the pine and 
bamboo yields and chlorine consumption are much 
alike. The bamboo shows a higher percentage of fine 
fibers, as would be expected from the fiber dimensions. 

Raitt Process. A preliminary series of two step cooks 


Table II. Dimensions of Papermaking Fibers 


Fiber length, Length to 
mm. width ratio® 


Wood Species (10, 2)? 
White spruce 3.5 120 


Douglas-fir HAO 100 
Southern pine 4-6 110 
White pine 34) 100 
Cypress 6.0 105 
Redwood Hob 105 
Western hemlock 4.0 120 
Aspen 1.3 56 
Yellow birch 15 66 

- Black gum il? 70 
Yellow poplar 1.8 60 
Red gum 1.6 57 
Maple 10 30 (red) 

Bamboo (Herty )? 

P. sulphurea viridis 1.9-1.1 154-123 
P.vwax 1.6-1.0 142-114 
P. bambusoides 1.6-0.9 173-104 
P. nigra var. henonis 1.6-1.3 143-188 
P. dulcis Ih at 127-169 
Bambusa vulgaris 2.2-2.5 225-255 


a By private communication from Institute of Paper Chemistry, Appleton, 


is. 
b Herty data. 


using about 170 grams, calculated, dry bamboo were 
carried out in small digesters in which four cooks could 
be made at a time. This was done to establish the 
broad Jimits of the process and examine the quality 
of the product. This led to a consideration of the 
Raitt process as reported by Parekh (4). 

This is as follows: 


1. Crushed bamboo is extracted for about 2 hr. 
with a partially exhausted alkaline solution containing 
about 2% of active alkali from a previous cook at a 
temperature of 100 to 115°C. 


Table III. Yields (Unsereened) Kraft Cooks—Varying Species and Position in Culm 


Modified 
Cook Position in Weight, Yield, Fiber classification, % on Through Tingle (11) 
no. culm® Species cu. ft. % 14 28 50 100 100 no. 
i B bambusoides ily, J 61 Difficulty 
re-wetting 
8 M bambusoides 1a 49 Difficulty 
re-wetting 
9 a bambusotdes 9.2 52 Difficulty 
re-wetting 
10 Ww aurea 10.1 48 Difficulty 
re-wetting nae oy! i 14.5 
11 B aurea 13,9 51 Difficulty 
re-wetting ao ayn? Beas 14.0 
12 M aurea Wil 50 Difficulty 
re-wetting ee a ae 14.6 
13 a aurea 10.3 52 5.8 BYTES} BO Tit) 26.8 14.8 
14 W Pine 13.8 49 48.5 1152 5.6 2 29 .2 13.4 
19 B vivax 14.5 58 35.4 29.8 9.8 9.2 15.9 15.0 
20 M vivax ae: 54 35.6 28.1 9.8 9.0 16.8 14.2 
Dal a vwaxr aa 43 16.2 16.6 8.9 11.0 49.5 12.8 
22 B Purpurata Sh 49 13.5 19.4 eo 5.0 43.7 14.0 
23 AD Purpurata ee 52 22.8 23.0 21.0 9.2 24.0 13.5 
24 B Purpurata we 54 Sil 1 23.2 16.7 OES 22.9 IPA 
25 M Purpurata ees 46 18.9 19.5 7G 6.1 37.9 13RS 
26 4p Purpurata ts 50 19.0 25.9 22.0 8.6 24.7 1321 
27 B Rubromarganata fon 54 41.6 20.3 18.0 3.2 18.9 14.1 
28 M Rubromarganata ae 54 A5wA =e Ot 15 9 5.1 12.4 14.0 
29 i Rubromarganata eh 48 7s el len ba heed hy el 5.5 30.7 14.0 
31 B Nedularia ee 52 24.8 27.4 21.6 8.2 18.0 15.1 
32 Nedularia ae 42 27.6 24.4 16.8 Hol 24.2 15.8 
33 I Nedularia ide 53 17.9 23% | 22.0 17.9 19.0 15.5 
34 B B. tuldoides ane 53 Seo DE 18.6 5.7 16.7 16.0 
35 T B. tuldoides eae 55 34.0 PAD) 33 V8 6.0 9.4 16.2 
36 B B. longespeculata a OM 43.0 20.7 18.3 5.8 12.3 16.0 
By AL B. longespeculata ae 58 43.8 21.6 14.4 4.6 15.7 13.6 
40 B vulgaris “ia 54 43°38) 16:8 9 Sidi Mee bug 19.7 14.1 
41 [ vulgaris rs 53 40:8 3459 ea Aer eG 14.9 14.0 
44 B meyeri a 60 ivat 87.0 G.4~ 13/0 22.6 heel 
45 M meyeri ae 50 2053 33 5) eee enon 20.4 15.0 
46 a meyert ae 53 14,3 37,8) | Ones emelays 23.1 {eeu 


“ B = bottom. M = middle. T = top. W = whole. 
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Table IV. Digester Yield (Lb. per Cu. Ft.) 


Cook Lb. per cu. ft. Moisture, Lb. per cu. ft. Yield, —— Yield, lb. per cu. ft. 
no. as charged % moisture-free % moisture-free air-dry 
60 17 18.2 13.9 52.6 7.3 8.2 
61 NT 10.3 10.1 43.6 4.4 4.9 
62 14°/, 11.6 12.6 44.4 5.6 6.2 
63 15 10.7 13.4 41.0 5.5 6.1 
64 161/2 13.3 14.3 48.5 6.9 ull 
65 121/, 13.6 10.8 45.9 5.0 5.5 
66 161/, 13.3 14.1 44.0 6.2 6.9 . 
67 15 12.0 13.2 44.9 5.9 6.6 
68 13 10.0 Meads 41.3 4.8 5.4 
Pulp fiber classification results, % Soe = 
Cook no. 
60 61 62 63 64 65 66 67 68 
On 14 mesh 14.5 22.1 114 Ih Cdl 8.5 9.2 0.41 HS) 8) 11.8 
On 28 mesh 42.8 31.0 45.6 46.5 33.9 27.6 30.2 42.2 21.3 
On 50 mesh i) 74 14.6 SIO] ag 23.7 17.0 15.8 17.4 13.0 14.9 
On 100 mesh $).8) 8.0 10.4 7.2 11.5 8.0 12.9 10.4 Dod 
Total recovered (9) 85.9 75.7 87.0 84.6 70.9 60.5 60.8 85.5 Ola 
Through 100 mesh 14.1 24.3 13.1 15.5 29.1 39.5 39.2 14.5 42.3 


2. The predigested material is then cooked in a 
fresh caustic solution (containing about 5%) for 3 hr., 
one at 150°C., and the remaining two at 140°C. Best 
results are obtained by the sulphate process, re-using 
the waste liquor. 

Thirty small cooks were made in the range of con- 
ditions described by Parekh with pine as reference. 
The bamboo pulp yields were in the range of 38 to 51% 
and the pulps were of good quality, whereas the pine 
yielded 73% but was not suitable for papermaking. 

Another series of nine cooks was made using the 5-lb. 
digester with conditions as follows: 


1. Enough black liquor containing 20 grams _ per 
liter active alkali, calculated as NaOH, to cover the 
material was held at 100° to 110°C. for 2 hr. Then 
the liquor was drained. 


liquor containing 50 grams per liter of active alkali 
calculated as NaOH. This was held at about 150°C. 
for 1 hr., then at 130 to 140°C. for 2 hr. 

The alkali from the first stage was exhausted, whereas 
the black liquor from the second stage contained very 
close to 20 grams per liter active alkali as NaOH. 

The pulp from this series was readily disintegrated 
without the use of the hammermill. Table IV shows 
the digester yields and Clark fiber classification (12). 
The significance of “digester yield” in mill operation 
rests upon the high cost of the digester. The more pulp 
obtained per cook the lower the capital] cost of cooking. 
It is worth noting that the yields from bamboo in these 
experimental cooks fall in line with good pulp mill 
operation on southern woods. 

The nine pulps were evaluated by beating in the 
1'/.-lb. Valley beater, making handsheets at suitable 


2. The extracted charge was covered with white intervals and testing the sheets. The procedures were 


Table V. Results of Beater Evaluations 


Cook Time, Burst Tear Freeness 


no. min. factor factor ml. Description of material cooked 


Section A. Comparisons at 400 ml. C. S. Freeness: 


60 59 0.65 2.07 P.. bambusoides 40842, whole culm no. 10 
61 48 0.72 2.46 P. purpurata 77006, whole culm, no. 10 
62 60 0.438 2.19 G. angustifolia 132895, bottom section 
63 45 0.70 2.50 B. vulgaris (no number whole culm) 
64 47 0.51 1.80 P. sulphurea virides 77257, whole culm 
65 4] 0.40 il faytk P. nigra, culm no. 824761, whole culm 
66 40 0.47 1.39 P. bambusoides 80064 nos. 5 and 6, composite, whole culm 
67 53 0.52 1.68 B. tuldoides 21349 or 80875 (?), whole culm 
68 62 0-15 2.15 B. longispiculata 178809 
Section B. Comparisons at Maximum Burst 
60 15: 0.68 1851 219 
61 50 0.78 2.49 306 
62 80 0.67 2.28 271 
63 65 0.90 Pd 39h 238 
64 55 0.56 1.56 209 
65 65 0.66 1.33 222 
66 65 0.65 1.41 157 
67 75 0.69 1.98 200 
68 70 1,14: 2.12 371 
Section C. Comparisons at Maximum Tear 
60 45 0.54 2.91 463 
61 50 0.78 2.49 306 
65 65 0.47 2.30 348 
63 50 0.76 2.52 349 
64 45 0.50 1.83 423 
65 45 0.45 1.58 371 
66 50 0.47 1.42 300 
67 75 0.69 1.98 200 
68 50 0.46 2.15 514 
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similar to corresponding TAPPI Standards but not 
identical. Samples were conditioned before test. 
Summarized results are shown in Table V. 

Again it may be concluded that the bamboo pulp is 
readily refined to a condition from which a sheet inter- 
mediate in strength between softwood and hardwood 
krafts can be made. 

Subsequent to the information reported herein, 
pilot machine runs have been made applying the Raitt 
principle successfully. This report must be con- 
sidered preliminary as many important details are 
omitted and approval for publication must be obtained 
from our sponsor. 


LITERATURE CITED 


1. Lagerloff, E. C., Paper Mill News, Review No. (Apr. 20, 
1954). 

2. Sineath, H. H., Daugherty, P. M., Hutton, R. N., Wastler, 
T. A., “Industrial Raw Materials of Plant Origin.” V._ 
Survey of the Bamboos, vol. XV, No. 18, 1953, Engineering 
Experiment Station, Georgia Institute of Technology. 


3. Anonymous, Gruco Method of Pulp Production, /ndian 
. 
~~ 


Pulp Paper 4, No. 9; 358-362, Na. 10: 398-399 (1950); 
B.I.P.C. 20: 774 (1950). 


4. Parekh, K. M., Chem. Met. Eng. 46, No. 8: 474 (1939); 
BLP.C. 10:3 (1940). Vee hea, 

5. Raitt, W., Brit. pat. i uly 5, ; 

6. Raitt, W., Brit. pat. 16,488 (Nov. 23, 1915); C.A. 11: 1546 
1917). 

to Hate W.., Brit. pat. 171,482 (Aug. 16, 1922); C.A. 16: 1012 
(1922). 

8. 


Raitt, W., Summary of Investigations on Bamboos and 

Grasses for Paper Pulp, Indian Forest Records 11, Part 9 

1925). 

9. peers Pulp Paper Ind. (August, 1946). r 

10. Anonymous, ‘Pulp and Paper Manufacture,” vol. 1, 
Preparation and Treatment of Wood Pulp, page 41 (1950), 
McGraw Hill Co. 

11. Trout, P. E., et al., Tappi 36: 123 (March, 1953). 

12. Reed, A. E., Tappi 33: 295 (1950). 


Recrivep Nov. 24, 1955. Presented at the Highth Alkaline Pulping Con- 
ference of the Technical Association of the Pulp and Paper Industry, Bir- 
mingham, Ala., Oct. 7, 1954. 


The work reported upon in this paper is being supported under a Research 
and Marketing Act Contract by the Plant Introduction Section, Agricultural 
Research Service, United States Department of Agriculture. 


The work reported is a preliminary interpretation of a much larger volume 
of data collected by the Herty Foundation staff. Special thanks are given 
R. H. Stevens, research associate, for a major role in the project. 


A Rapid Method of Estimating the Titanium Dioxide 
Pigment in Paper 


HAROLD C. BRILL 


Certain beater additives have a marked effect on titanium 
dioxide retention and this property may vary widely in mills 
returning coated paper broke to the beater. This indicates 
the need for regular and systematic analyses of the paper 
production for titanium dioxide content to prevent loss. 
The present titanium dioxide analyses methods are time 
consuming and require personnel with skill in analytical 
chemistry. A method is needed that is rapid and simple 
and can be performed by the regular mill employee in 15 
min. or less. The method need not be as accurate as 
present analyses and might be considered an estimation. 
A simple method of estimating the titanium dioxide pig- 
ment content of a paper from the opacity of a waxed or 
oiled sheet is discussed in this paper. This test is designed 
to supplement the existing analytical methods and is not 
intended as a replacement. 


BASED on conversations with various mill men 
at numerous paper manufacturing concerns through- 
out the country, it was learned that very few plants run 
titanium dioxide analyses on their production at regu- 
lar intervals. Many mills could reduce the costs of 
titanium dioxide usage through improved control. A 
previous paper (3) has shown that various additives 
markedly affect the beater retention of titanium diox- 
ide. The increased use of such additives and their 
presence in waste paper make it desirable to determine 
titanium dioxide concentration or retention frequently. 
This is particularly true in printing papers where the 
air interface opacity is affected by many conditions 
other than titanium dioxide content. 

It is believed that the major reason for the reluctance 
of these mills to make tests is due to time-consuming 
methods now used in determining titanium dioxide and 


Harotp C. Britu, Technical Service Laboratory, E. I. du Pont de Nemours 
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the need for personnel with some skill in analytical 
chemistry. The papermaker has a definite need for a 
rapid method of analysis to insure the production of 
paper with the desired titanium dioxide content and 
thereby reduce pigment wastage. Such a method need 
not be as accurate as the standard methods but should 
be sufficiently rapid and simple that it can be performed 
by the mill employee in fifteen minutes or less. 

The method proposed in this paper is based on the 
fact that only high refractive index pigments such as 
titanium dioxide, zinc sulphide, zine oxide, antimony 
oxide, etc., will give pigmented papers any appreciable 
waxed or oiled opacity (1). Paper fiber, clay, calcium 
carbonate, and other common paper chemicals have a 
refractive index of approximately 1.5 and depend upon 
the presence of an air interface (refractive index = 1) 
for their opacity. These fillers lose their opacity when 
the air interface is replaced with an oil or wax with the 
same refractive index. 

This paper deals with the estimation of anatase ti- 
tanium dioxide alone in paper although similar methods 
could be developed for use with rutile titanium dioxide 
and other high refractive index pigments. The pro- 
cedure is proposed to supplement existing analytical 
titanium dioxide methods and not to replace them. 

The data shown in this paper are confined to beater 
added titanium dioxide. Pigment added in coatings 
is readily estimated from weighing the paper before and 
after coating and for this reason is not discussed. 


PROCEDURE 
Those concerns, where regular titanium dioxide anal- 
yses are made on their papers, can prepare graphs of the 
correct range by selecting the proper retained samples, 
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Fig. 1 


waxing, and determining opacity. The author would 
suggest that other mills prepare their graphs by labora- 
tory handsheet technique using the same furnishes run 
inthe mill. The preparation of satisfactory handsheets 
for this purpose should be done by TAPPI Standard T 
218 m and they should be analyzed for titanium dioxide 
using either the volumetric method T 439 m-44 or the 
colorimetric method T 627 m-45. If other fillers are 
not present, the titanium dioxide may be determined 
by ashing and weighing. 

Mills that do not wish to take the trouble of prepar- 
ing graphs for all their titanium dioxide containing 
grades of paper may follow their pigment retention by 
determining the waxed opacity of a satisfactory sheet of 
paper which meets their customers’ specifications. This 
paper should be set up as a standard and future produc- 
tion must have the same waxed opacity as a measure of 
equal titanium dioxide content. This value may be 
approximately correlated to titanium dioxide content 
using Fig. 4. 


Wax or Oil Impregnation of the Paper 


Apparatus. The type of apparatus for impregnating 
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Fig. 2. Determination of wax saturation weight; 25 Ib. 
bleached sulphite (25 X 40—500); paraffin 100°C, 
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Fig. 3. Determination of mineral oil saturation weight; 
25 lb. bleached sulphite (25 K 40—500); oil 100°C. 


the paper may be very simple. It is suggested that 
the impregnant be heated to a constant temperature 
and, for this reason, it is believed that the wax or oil 
should be heated in a boiling water bath or other means 
of controlled heating used. A means of removing the 
excess impregnant must be provided and this may take 
the form of a pair of heated squeeze rolls or a pair of 
knives with adjustable clearance. A photograph of an 
apparatus for impregnation is shown in Fig. 1, although 
a much less elaborate setup may be adequate. 
Impregnant. The two impregnants used in this 
study were paraffin wax and medicinal grade of mineral 
oil. Paraffin wax is an excellent impregnant with a low 
melting point; it is cheap, readily available, and paper 
is readily impregnated with it. However, it does have 
some opacity and care must be exercised to avoid a 
large excess, or an error in the waxed opacity reading 
may result at low titanium dioxide content (see Fig. 2). 


TAPP| CPACITY 


fe) \ 2 3 4 5 6 if 8 
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Fig. 4. The effect of basis weight change on the estimation 
of titanium dioxide by waxed opacity; bleached sulphite; 
24%, alum; no size; paraffin 100°C. 
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Fig. 5, Effect of groundwood pulp on dry opacity: 25 lb. 
(5 X 40—500) handsheets; 2% alum; no size 
Xv 


Mineral oil has very little opacity (see Fig. 3) and paper 
is readily impregnated with it. However, the impreg- 
nated paper is messy to handle and to determine oiled 
opacity. 

Immersion Time for Paper Saturation. The paper to 
be tested must be thoroughly dried just seconds before 
immersion in the constant temperature wax bath. This 
is very important since a little water in the paper will 
prevent the wax saturation of the sheet. The impor- 
tance of thorough drying increases as the basis weight 
of the paper is increased. The minimum immersion 
time for paper saturation is determined by immersing 
the paper to be tested in a constant temperature wax 
bath for various intervals of time and testing each sheet 
for waxed opacity (T 425 m-44). It will be found that 
the waxed opacity value will reach a minimum con- 
stant value after immersion for a given time interval in 
the hot wax. This time interval is the minimum im- 
mersion time to secure saturation of that particular 
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Fig. 6. Effect of groundwood on waxed opacity; 25 Ib. 


(25 X 40—500) handsheets; 2% alum; no size; paraffin 
100°C, 
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Fig. 7. The effect of filler clay on the estimation of titan- 

ium dioxide by waxed opacity; 60 lb. basis weight (25 X 

40—500) bleached sulphite; 2% alum; no size; paraffin 
100°C. 


yx Constant 60% clay addition; variable TiO, addition. 


type of paper. This value will vary with the paper 
density, caliper, basis weight, pulp type, sizing, and wax 
temperature. It is recommended that the actual time 
interval used in practice be one and one-half times the 
minimum immersion time, since excess immersion does 
not cause an error in the determination. Instead of 
using the minimum waxed opacity of the sheet as a 
guide to the minimum immersion time for saturation, 
it is also possible to determine the wax addition by 
weighing the sheet before and after immersion. When 
the waxed opacity reaches a constant value, the paper 
saturation point has been reached. Figures 2 and 3 
show the wax and oil add-on plotted against the opacity. 
The method described in TAPPI Standard T 467 m-48 
may also be used to saturate the paper but it is some- 
what more time consuming than the above method. 


Determination of Waxed Opacity 


The opacity of the oiled or waxed sheet after satura- 
tion should be run according to the TAPPI Standard 
T 425 m-44. Under this method, the operator should 
wax or oil at least five specimens and average the opac- 
ity results for one point on the graph. Five well- 
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Fig. 8. The effect of brightness change on the unwaxed 


opacity of paper; 25 lb. (25 X 40—500) bleached sulphite; 
2% alum; no size; dye used, Nigrosine WSB 
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chosen points are adequate for a graph of reasonable 
accuracy. Once a graph has been established for a 
given type of paper, the titanium dioxide content of a 
given sample may be estimated readily from the waxed 
or oiled opacity figure. 


VARIABLES AFFECTING WAXED AND OILED 
OPACITY OF PAPER 


Degree of Saturation 


It is necessary that the paper tested for opacity be 
completely saturated with wax or oil and the air re- 
moved or the operator will report a titanium dioxide 
content in excess of the true value (Figs. 2 and 3). 


i _Where paraffin is used, care must be exercised that the 


excess surface film of wax is removed with rolls or 
knives or the operator will also report a titanium dioxide 
content in excess of the true value. This difficulty is 
not critical when the titanium dioxide content reaches 
2% and is not a factor with transparent impregnants 
such as mineral oil (see Figs. 2 and 3). 


Basis Weight 


Titanium dioxide is normally added and analyzed 
for on the basis of weight per cent. Since paper is made 
in various calipers which is roughly proportional to 
weight, it will contain more titanium dioxide, at a given 
per cent, in a square inch of paper of 50-lb. basis weight 
than a similar paper of 20-]b. basis weight. Therefore, 
the waxed opacity of a 50-lb. paper containing 1% ti- 
tanium dioxide will be greater than a similar 20-lb. 
paper with the same percentage of titanium dioxide. 
Figure 4 shows graphs of the waxed opacity versus ti- 
tanium dioxide content of a bleached sulphite paper at 
various basis weights. It is interesting to note that 
the waxed opacity of the bleached sulphite fiber alone 
increases from 13% at 20-lb. basis weight (25 &* 40— 
500) to 23% at 60 lb. The presence of 1% TiO» causes 
an increase in waxed opacity of 15% at 20-lb. basis 
weight to 22% at 60 lb. This large change in the opac- 


TAPPI OPACITY 


TAPPI| BRIGHTNESS (UNWAXED) 


Fig. 9. The effect of brightness change on the opacity of 
paper; 25 lb. (25 X 40—500) bleached sulphite; 2% alum; 
no size; paraffin 100°C., dye used, Nigrosine WSB 
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rected for this error. 


TAPPI OPACITY 
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Fig. 10. Dry and oiled opacity; 30 lb. (25 X 40—500) 
bleached sulphite; handsheets; mineral oil 100°C. 


ity reading at the low and more common titanium diox- 
ide contents holds the relative error of the estimation 
low in this vital portion of the curve. 


Effect of Groundwood Pulp 


Groundwood pulp is often blended with other pulps 
to produce paper with a higher dry opacity. A com- 
parison of the TAPPI opacity of two papers, one with 
and one without groundwood, is shown in Fig. 5. How- 
ever, when the same papers are saturated with paraffin 
wax and the opacity determined, the graph shown in 
Fig. 6 is obtained. This indicates that the groundwood 
imparts very little waxed opacity to a paper and the 
amount is sufficiently small to be ignored for most 
estimation purposes. 


Effect of Clay Filler 


The use of clay filler in the beater along with the ti- 
tanium dioxide is widely practiced in the paper indus- 
try. In many mills, it is present in larger amounts 
than the titanium dioxide; and, under these conditions, 
it is a source of some error in the present analytical 
methods for determining titanium dioxide in paper. 
Most filler clays contain titanium to the extent of 1to 4% 
(calculated TiO2) in a mineral form that has no pigment 
value. Present analytical procedures for determining 
titanium dioxide pigment in the paper give the total 
titanium dioxide content. Therefore, the analyses for 
pigment titanium dioxide are always slightly higher 
than the actual, when clay is present. The waxed 
opacity method of estimating titanium dioxide, how- 
ever, is not affected by this titanium in the clay if the 
analyses used in making the reference graph are cor- 
Figure 7 shows that the pres- 
ence of clay should cause very little error to the waxed 
opacity method of estimating titanium dioxide. 


Effect of Brightness Change 


Numerous investigators (2) have observed that dyes 
and other light-absorptive materials which lower the 
brightness of paper will increase the dry opacity of the 
paper. Figure 8 shows a typical example of this phe- 
nomenon and it was prepared by dyeing 25-lb. (25 X 
40—500) handsheets with Nigrosine WSB from a 
brightness of 77 to 56%. The opacity increased as a 
result from 60 to 71%. However, when the same 
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Probable Error Oiled Opacity Method of 
Estimating Titanium Dioxide 


30 lb. (25 X 40—500) bleached sulphite handsheets—mineral 


Table I. 


oil 100° 
TiOs content TiOz content 

Sample by gravimetric by oiled Relative 
No. ash analysis, Y opacity, % error, % 

1 Ono 0.61 00 

2 ORaG 0.59 oa 

3 0.57 0.59 B15) 

4 1.98 bsg) 4.0 

5 1.98 (9) 1.0 

6 2.63 2.9 10.3 

7 2.63 2.8 6.95 

8 4.70 ys 1! 8.4 

9 6.86 anes 6.4 

10 6.86 7.0 74{0) 

11 6.86 6.6 ae Uf 

12 9.80 9.8 0.0 

13 9.80 9.6 2.0 
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sheéts are waxed with paraffin, the opacity change is 
13.6 to 14.3%, Fig. 9. In plant operation, a brightness 
variation of 21% is very unlikely but this caused a 
waxed opacity change of only 1.7%. Therefore, bright- 
ness changes due to transparent light-absorptive mate- 
rials should not cause an appreciable error in the esti- 
mation of titanium dioxide content of paper by waxed 
opacity. This statement should not be interpreted as 
covering conditions where colored pigments are present 
in the beater. Titanium dioxide is seldom used with 
colored pigments and this particular condition is not 
covered in this paper. 


ACCURACY OF THE METHOD 


Some idea of the accuracy of estimating titanium 
dioxide by the oiled or waxed opacity method was con- 
sidered necessary. A laboratory assistant with no 
previous analytical training or chemical education was 
selected. He was supplied with a graph and a sufficient 
amount of handsheet paper for 13 different determina- 
tions of titanium dioxide by the oiled opacity method. 
Portions of this paper had already been analyzed for 
pigment by ashing and weighing. The results are 


compared in Table I. It will be noted that the maxi- 
mum relative error of these 13 determinations was 
10.3% and the average relative error was 4.5%. The 
per cent of titanium dioxide present in the papers varied 
from 0.5 to approximately 10.0%. The graph used 
for this evaluation is shown in Fig. 10. 


SUMMARY AND CONCLUSIONS 


There is a need in the paper industry for a simpler 
and faster method of estimating the anatase titanium 
dioxide (beater added) in a sheet of paper. The author 
suggests a method based on the waxed or oiled opacity 
of the paper. The method consists of: 

1. The preparation of a graph for each grade of 
paper; the graph to show a curve prepared by plotting 
the saturated waxed or oiled opacity against the tita- 
nium dioxide content of the paper. 

2. The sample to be tested is oiled or waxed a mini- 
mum immersion time at similar temperature to the 
papers used in making the graph, and the opacity (T 
425 m-44) determined. This value may be changed 
to titanium dioxide content by means of the previously 
prepared graph. 

Data are shown indicating that separate graphs must 
be prepared at each basis weight. 

The method is shown to be applicable to furnishes 
containing clay or groundwood pulp. 

Sizable changes in the brightness of the furnish may 
occur without appreciably affecting the waxed opacity 
and the accuracy of the test. 

An experiment with untrained personnel using the 
oiled opacity method of titanium dioxide estimation 
on 13 papers gave a maximum relative error of 10.3% 
and an average relative error of 4.5%. 
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The Utilization of Knots and Screening Rejects in 
Bleached Kraft Pulp 


A. L. WILEY, N. R. PHILLIPS, and E. A. HENRY, JR. 


The development of a knot and screen reject recovery sys- 
tem for the reclamation of bleachable kraft fiber is de- 
scribed. The system consists of mechanical crushing and 
refining operations followed by Bauer cleaners and flat 
screens. It has been found that the accepted fiber from 
this type treatment produces a bleachable grade of kraft 
pulp, and that its use has no eftect on quality. 


OnE of the interesting problems in the manufac- 
ture of high-quality bleached kraft pulp is the utiliza- 
tion of knots and screening rejects in such a manner that 
A. L. Wiuey, N. R. Puivuirs, and E. A. Henry, Jr., Riegel Carolina Corp. 
Acme, N.C. i ; 
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this type of material will not adversely affect the quality 
of the finished pulp. 

Important savings of fiber can be made by recovering 
knots and rejects. These materials in themselves rep- 
resent a substantial quantity of fiber and they carry 
with them an additional quantity of good fiber which 
the screens failed to accept. If production is limited 
by the digesters or the liquor recovery system, the re- 
covery of the rejects by mechanical treatment becomes 
particularly important economically because it makes 
increased production possible with a consequent cost 
reduction. 
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During the past several months, Riegel Carolina 
Corp. has developed and put into operation two separate 
systems for the recovery of knots and screening rejects. 
In this paper the authors will outline the physical layout 
of these systems and discuss the results which have been 
obtained. 

The knot reclaiming system that has been installed 
at Riegel Carolina will be seen in Fig. 1. The knots 
from the deknotter screens ahead of the brown stock 
washers pass down through an angular knot hopper 
_ into a type A Jeffery hammermill equipped with °/s-in. 

plates. From the hammermill, the knots flow by 
_ gravity into a conical bottom tank from which they may 
__ be pumped to a digester blow tank. 
_ Several checks on the knot system have shown that 


the material that will pass through this system will | 


vary from 1.5 to 4.0 air-dry tons of stock per day for 
approximately 300 air-dry tons of pulp production. 
It has been found that the material that is discharged 
from the hammermill is well broken. This system re- 
_ quires approximately 7 hp.-days per ton of material 
| passed through the hammermill and pumped to the blow 
tank. From the blow tank, the defibered knots pass 
with the pulp from the digesters to the brown stock 
washers and thence to the flat screens. Any of the de- 
fibered knots which are rejected by the flat screens pass 
into the screen reject recovery system. 

Data compiled from operating reports indicate that 
material from the knot system when added to the blow 
tank has had no effect on the brightness, dirt content, 
bursting strength, tear, and bleach chemicals required 
for bleached kraft pulp. 

Summarizing the results to date with the knot sys- 
tem, knots from the hammermill have satisfactorily 
been used with no deleterious effects on the bleached 
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Fig. 1. Knot system 


kraft pulps. Because of recent increases in production, 
. the company is now planning to supplement the ham- 


SCREENING REJECT SYSTEM 


Figure 2 represents the physical layout for the rec- 
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lamation of screening rejects. The rejects from the 
kraft tailing screens pass to a storage tank from which 
they are pumped to a constant flow headbox. The 
stock flows from the headbox over a drainer conveyor 
that feeds a 36-1 Sprout-Waldron refiner. Stock from 
the refiner drops into a storage chest from which it is 
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Fig. 2. Screening reject system 


pumped to two primary 12 by 2 by 2-in. Bauer cleaners. 
The primary cleaner rejects pass through a secondary 
12 by 2 by 2-in. Bauer cleaner and rejects from the 
secondary are sewered. The accepted stock from the 
primary and secondary cleaners flow to a small 14- 
plate reject screen that has seven 10-cut and seven 12- 
cut plates. The accepted stock from the rejects 
screen flows to the kraft decker, and the screen rejects 
go to the sewer. 

It has been found from actual operating data that 
the flow in this system will vary from roughly 3 to 7 
air-dry tons of material per day for approximately 300 
tons of daily production. The screening reject recla- 
mation system described above works efficiently and 
requires about 15 hp.-days per ton of material handled. 

No effect on the quality of the bleached pulp as a re- 
sult of using the refined screen rejects has been noticed. 
The bleach plant consists of six stages, namely, chlorin- 
ation, extraction, hypochlorite, extraction, hypochlorite, 
and chlorine dioxide. There has also been no notice- 
able increase in the quantity of bleaching chemicals re- 
quired to bleach the pulp when material from the screen- 
ing reject system has been added. It is believed that a 
satisfactory and easily operated layout for reclaiming 
screen rejects has been installed. 


CONCLUSIONS 


Experience has indicated that it is possible to recover 
knots and reuse them in the manufacture of bleached 
kraft pulp with no effect on the quality of the finished 
pulp. 

The reclamation of screen rejects has proved to be 
entirely practical in the manufacture of quality bleached 
pulp. The inclusion of this type of material from the 
reject reclaiming system has had no effect on pulp 
quality or bleaching chemicals. 

It is believed that the recovery of knots and screen 
rejects is practical in the manufacture of quality 
bleached kraft pulp and represents a substantial saving 


of fiber and an opportunity to increase mill capacity. 
Receivep Oct. 12, 1954. Presented at the Highth Alkaline Pulping Confer- 
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Study of Paper Composition by Parallel Sectioning 


B. L. BROWNING and I. H. ISENBERG 


In many technical problems concerned with paper struc- 
tures and properties, it is desirable to know the distribu- 
tion of size, filler, and other components through the thick- 
ness of the sheet. 
penetration of coatings and tub sizings into the base sheet. 


Similar questions arise in studies of 


For several years, the Institute laboratories have used a 
method based on parallel sectioning of the paper followed 
by analysis of the prepared sections using suitable micro- 
techniques. Typical applications are illustrated in this 


paper in the belief that they may be of general interest. 


Previous methods of sectioning have been uti- 
lized mainly for determining filler distribution in paper. 
Approximate methods have been based upon splitting 
the sheet into top and bottom sections after adhesion 
between gummed kraft papers (/), or of scraping off 
successive layers of paper with a razor blade (2). 
Schilde (3) devised an apparatus in which successive 
zones of the paper could be removed by scraping with 
a razor blade. The successive layers removed were 
collected and analyzed for ash. 

A technique based on abrading the surface of the 
paper with emery cloth has been used (/). The amount 
removed was determined by micrometer measurement. 
After removing the top third from one strip and the 
bottom third from another, ash determinations gave 
the filler content in the top, middle, and bottom of the 
sheet. Schtitz (4) found the filler content in the top 
and bottom of sheets by grinding off the undesired por- 
tion with Carborundum paper. Hansen (4) also used 
Carborundum paper in abrading paper to determine 
filler distribution. Portions of the paper abraded to 
various depths were ashed, and the results permitted 
calculations of the ash content at each point through 
the sheet. Dappen (6) used a mechanical erasing de- 
vice in studying starch and clay distribution in paper 
coatings. 

It has been found possible to prepare microtome sec- 
tions of paper in the plane of the sheet. The sections 
so obtained are satisfactory for use in microanalysis to 
determine the distribution of size or filler through the 
sheet. The techniques are generally applicable, and 
the sections isolated are more precisely defined than 
those procured by procedures based on scraping or 
abrading the paper surface. 


PROCEDURE FOR PARALLEL SECTIONING 


A sliding microtome is used for the sectioning. It is 
necessary that the paper be held flat and in the plane of 
movement of the cutting knife. A small (about 20 by 
15 by 10 mm.) block of white pinewood (any wood soft 
enough to cut easily may be used) is placed in the speci- 
men holder of the microtome so that tangential sections 
are cut. The wood block is leveled smooth by the 
necessary number of cuts with the knife. A small (5 to 
10 by 10 to 15 mm.) piece of the paper is mounted on 
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the block by means of Duco cement, with the long di- 
rection of the paper parallel to the long direction of the 
block (Fig. 1). The paper is pressed firmly and evenly 
on the wood until the cement has dried. 

Before sectioning, the specimen is lowered by a dis- 
tance equal to the thickness of the paper and the ce- 
Next the block is raised by 5-mu increments 
until the knife just grazes the surface of the paper. 
Then the block is raised the desired amount for the 
section (usually 15 to 20 mu) and the first section is 
cut. The section is removed by a camel’s hair brush 
to a suitable container. Successive sections are re- 
moved by raising the block the desired amount and 
cutting in the same way. 

It is difficult to cut sections thinner than 15 mu, but 
for a paper 4 mils in thickness this permits separation 
into six or seven layers. It is possible to cut somewhat 
more than half the thickness of the sheet before en- 
countering the adhesive. The opposite side of the 
sheet is then sectioned in a similar manner but using 
another specimen. 

No difficulty has been experienced in sectioning sheets 
either with or without filler. Sectioning of papers tub- 
sized, as with starch, is also satisfactory. In coated 
papers, the microtome knife sometimes rides over the 
surface or cuts below the coating, so that it is difficult 
to cut the coating layer into sections of precisely the 
thickness indicated by the microtome setting. 

If the nature of the paper is such that even and uni- 
form sections can be cut, the location of the section in 
the paper may be established by the microtome settings 
during sectioning. If there are appreciable differences 
in hardness or resistance of the paper in different zones, 
it may be necessary to determine the amount of paper 
removed not by the microtome setting but by weighing 
the sections removed on a microbalance. In this case 


Fig. I. 


Sliding microtome with paper in position for sec- 
tioning 
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the determined distribution of any constituent must be 
based on percentage of ‘weight thickness,” rather than 
upon the linearly established position of the section. 
Generally, a number of corresponding sections from 
separate but contiguous portions of the paper (about 
five to ten) are combined as a composite sample, both 
to secure a specimen large enough for analysis and to 
assure a more representative sample. 


DETERMINATION OF FILLER DISTRIBUTION 


The application of the sectioning technique to the 
_ study of filler distribution may be illustrated by exami- 
nation of a commercial sheet. The paper was a sul- 
phite-groundwood sheet 90 mu in thickness and con- 
taining about 22% clay filler. 

Four sections each of 15 mu thickness were cut from 
the wire side of the sheet and four from the felt side. 
Ten specimens selected randomly were used in section- 
ing from each side of the sheet. The corresponding 
sections (the ten first sections from the felt side, etc.) 
were united to form a composite sample. The samples 
were weighed on a microbalance, ashed, and the weight 
of ash found. 

The data are plotted in Fig. 2. It is assumed that 
each section is 15 mu thick, and the ash content of each 
of the groups of sections cut from each side of the sheet 
is plotted at the average distance of the section from 
the felt side of the sheet. 

The average ash value of the paper calculated from 
the ash content of sections is 18.4%. The ash content 
determined on the whole paper was 19.2%. 


DETERMINATION OF STARCH DISTRIBUTION 


The distribution of starch may be of interest when 
starch is added to the beater, or in studies involving 
the penetration of starch when it is applied as a tub 
size or as the adhesive in a coating formulation. The 
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Fig. 2. Distribution of ash in a clay-filled paper 


determination of size distribution in paper 1s shown by 
an example of starch penetration from a starch coating. 
- The distribution of starch in a sheet coated in the 
laboratory with a starch-clay coating is shown in Fig. 3. 
The total thickness of the coated sheet was approxi- 
mately 90 mu. Apparently, a smal]l amount of starch 
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was picked up on the uncoated side during the coating 
operation. 

In order to determine starch in the small quantities 
available in the sections, a modification of the colori- 
metric method of Browning, Bublitz, and Baker (7) 
was used. The sample in each case was a composite of 
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© Felt side 


@ Wire side 


SECTION 


Fig. 3. Distribution of starch in a coated paper 


ten corresponding sections. The sample was weighed, 
placed in a 30-ml. beaker, and 10 ml. of hot water were 
added. The beaker was placed in a boiling water bath 
and the paper was macerated with a stirring rod. After 
30 min., the extract was decanted through a micro 
Gooch crucible with asbestos mat (ustng light suction) 
and the filtrate was received in a 50-ml. volumetric 
flask. The residue was washed with a few milliliters 
of hot water. The residue was retained in the beaker 
and extracted successively with two 5-ml. portions of 
21% HCl for 3 min. each and with two 2-ml. portions of 
concentrated HCI for 20 sec. each. Finally, the ex- 
tracted paper was transferred to the crucible and washed 
with a few milliliters of hot water, 1 ml. of iodine 
reagent was added to the flask and the flask filled 
to the mark with water. The transmittance of the 
solution was measured at 580 mmu, using for a blank 
the iodine reagent and hydrochloric acid in the same 
concentration as in the unknown. The quantity of 
starch was determined from a calibration curve de- 
termined similarly but using known quantities of starch. 
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Utilization of Kraft Knotter Rejects 


RALPH E. MILLAR, Jr., JAMES M. PIETTE, and JOHN J. OWEN, Jr. 


The utilization of pulp screen rejects has presented prob- 
lems in the operation of all pulp mills. This paper de- 
scribes the methods that the Savannah plant of Union 
Bag & Paper Corp. has used to handle these rejects, partic- 
ularly knotter rejects. Originally knotter rejects were 
fiberized with tailings from the fine screens and used in 
the bottom board sheet. However, inability to use all the 
knots in this manner resulted in rather high fiber losses 
at times. Consequently, the recooking of knotter rejects, 
first with chips and then alone, was begun. The rejects 
handling system and the cooking conditions for recooking 
knots are described. Data are given correlating yield, per 
cent ‘ehemical, and permanganate number for experi- 
mental rejects cooks. Cooking the rejects with the chips 
produced acceptable pulp but there was a tendency to a 
buildup of knots. Separate cooking produces a pulp 
at a 65% yield at 33 permanganate number. 


In THE production of pulp for the manufacture of 
linerboard, bags, and specialty papers, it 1s necessary 
that incompletely pulped chips be separated from the 
acceptable pulp by screening. The screening or re- 
jects, the quantity of which depends on cooking con- 
ditions and product, present problems of varying de- 
gree in the operation of all pulp mills. 

Valuable papermaking fiber is lost if any part of the 
rejects is simply discarded as has been the practice at 
some mills. Such procedure also places a heavy load 
upon the mill disposal system. This useful fiber may 
be recovered by mechanical fiberization or by recook- 
ing of the rejects and subsequent blending with the 
regular furnish to the paper machines, or by a combina- 
tion of the two methods. The choice of method is de- 
pendent upon operating conditions at the individual 
mill and the economic situation in general. 

This paper is a discussion of the steps that the Sa- 
vannah plant of Union Bag & Paper Corp. has taken 
to meet the problem of utilization of rejects. 


After washing, our pulp undergoes two stages of 
screening, first in the coarse screens or knotters, then in 
the fine screens. Impco knotters are used with 0.5-in. 
perforations in stainless steel plates. Accepted stock 
from the knotters goes to the fine screens which are 
equipped with plates with 0.100-in. perforations for 
multiwall stock and with 0.125-in. perforations for 
other pulps. Rejects, or tailings, from the fine screens 
are given a further screening in the tailings screens 
which have plates with 0.125-in. perforations. The 
rejected knots and tailings from these operations make 
up the rejects that should be utilized. 

There have been no major changes in the basic 
methods of handling tailings or rejects from the fine 
screens since the start-up of the Savannah plant. All 
tailings are mechanically fiberized and returned to the 
papermaking system for blending with the furnish for 
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the primary board sheet. This procedure is similar to 
that in use in almost all kraft mills today, therefore, a 
detailed description of the operations involved in han- 
dling tailings will not be given. 

A flow diagram of the rejects handling system is 
shown in Fig. 1. Tailings from the fine screens are col- 
lected in the rejects chest, dewatered on a Woods 
thickener to an average consistency of about 9%, fiber- 
ized in two Bauer and two Sprout-Waldron refiners in 
parallel, then returned to the knotter headboxes of the 
board machines. 

Prior to 1950, knotter rejects were also refined and 
blended with the pulp making up our board sheet. 
Mechanical fiberization of knotter rejects for use in 
board production presents a somewhat different prob- 
lem than does the use of refined tailings. Fiberization 
of knotter rejects produces darker, coarser pulp with 
lower strength properties than that obtained from fine 
screen rejects. Therefore, the papermaker must apply 
greater discretion in his use of knots. Our paper mill 
has also reported difficulty in drying a sheet containing 
a large percentage of refined knots. 

The system used for handling the knotter rejects 
prior to 1950 is shown in Fig. 1 together with the tail- 
ings system. Before being fiberized, knots were passed 
over a flat screen with 0.020-in. slots to separate useful 
fiber which was returned to the knotter headboxes. 
The amount of fiber varied with the load on the screens 
and usually ranged from 10 to 20% of the total knotter 
rejects. The knotter rejects were then broken up in a 
Gruendler hammer mill refiner and passed into the re- 
jects chest where they were mixed with the tailings, 
and then dewatered and fiberized. 

The utilization of rejects was limited by two factors: 
the type of production and board quality requirements. 
Since it was not feasible to use refined rejects in the pro- 
duction of paper, all rejects had to be discarded when 
none of the machines were producing board. When 
the added losses due to mechanical failure are considered 
it becomes apparent that the loss of rejects was quite 
high at times. 

Rejects losses became increasingly greater as pulp 
production increased, the ratio of board cooks to paper 
cooks grew, and the bursting strength requirements 
for board increased. Finally, in 1949, it was decided 
to discontinue refining knotter rejects and begin cook- 
ing them with fresh chips. 

A previous investigation had been made of the pos- 
sibility of recooking knots and the results appeared 
promising. Knotter rejects were placed in small bas- 
kets and cooked with wood chips in mill digesters pre- 
ducing pulp for board production. The pulp was taken 
from the baskets after the blow and beater evaluations 
were made on this stock as well as on pulp from the di- 
gester blow. In addition, tests were made on fiberized 
rejects from the Bauer refiners. 

The results of the tests were quite informative. It 
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Fig. 1. Rejects system for refining knots and tailings 


was found that the bursting strength test for recooked 
knotter rejects is only slightly lower than that for regu- 
lar board pulp while the tear is higher. A similar com- 
parison for recooked rejects with mechanically fiberized 
rejects shows recooking to result in substantially higher 
burst and tear tests. Pulp yield from pulping of 
knotter rejects along with chips in regular board cooks 
averaged about 61%. 

The necessary modifications to the rejects system 
were made and early in 1950 the recooking of knotter 
rejects was initiated. The revised rejects system, in 
which knots were mixed with the chips to the chip bin, 
is shown in the flow diagram of Fig. 2. Note that the 
changes included the removal of the Gruendler refiner. 
The chest in which refined rejects were formerly col- 
lected is now used for the separate collection of knotter 
rejects. Knots from this chest initially were passed 
ever a dewatering screen, then to the chip conveyor 
belt via a bucket feeder system. 

No detrimental effects on pulp quality were noted as 
a result of recooking knotter rejects and the loss of re- 
jects was decreased considerably to about 20% of the 
average losses during the 13 months prior to the be- 
ginning of rejects recooking. 

Unfortunately, the economic picture was not quite as 
bright as it appears at first glance. The basket cook- 
ing of knotter rejects had shown a probable pulp yield 
of 61%, but a yield of about 95% can be anticipated 
from the mechanical fiberization of rejects. This dif- 
ference of over 30% in yield is a loss which, of course, 
must be considered and which narrows the breach be- 
tween the old and the new reject losses. 

It is probable, then, that there was little direct eco- 
nomic gain resulting from recooking knotter rejects 
rather than refining them and taking the losses which 
sometimes occurred as mentioned. However, a better 
quality pulp was produced from the rejects, a fact of 
considerable importance in the production of a high 
quality board. Disposal problems were also eased as 
the quantity of rejects to be disposed of was reduced. 

There were still occasional rejects losses due to over- 
loading of the rejects handling system. In view of this 
and the fact that a higher yield can be obtained from 
refining rather than recooking knotter rejects, an in- 
vestigation was instigated to determine the quantity 
of refined knots that could be used in the board sheet 
without impairing quality. 
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Several trial runs were made in which up to 25% of 
the knotter rejects, about 15 tons, were refined and 
used in the bottom board sheet. This quantity of 
knots represented about 3% of the furnish to the board 
machine. The limited capacity of the reject handling 
system prevented the use of a greater percentage of re- 
fined knots. There was no indication that board qual- 
ity was impaired in any way during these trials. 

For a number of months, approximately 10% of the 
knotter rejects were fiberized and used in board pro- 
duction. This procedure placed such a load on the 
reject refining system, however, that it soon became 
apparent certain changes would have to be made to 
continue to refine knots. The alternative was to cease 
fiberizing knotter rejects and recook all knots. 

Recooking rejects, while giving a lower yield than 
refining, offered much less danger of affecting board 
quality, consequently it was decided to enlarge the ca- 
pacity of the reject recooking system. 

The major change in the system was the installation 
of a Rotolift conveyor as replacement for the bucket 
feeder that had been used for conveying knotter re- 
jects to the chip belt. Operation of the bucket feeder 
had never been completely satisfactory, rejects tended 
to pack in the buckets so that they failed to empty com- 
pletely, thus further reducing the capacity of the sys- 
tem. With the Rotolift in operation, the enforced dis- 
carding of knotter rejects as a result of overloading was 
materially decreased. 

There is little doubt that rejects, which have been 
through the cooking cycle, do not cook in the same 
manner as do fresh wood chips. <A less severe cook 
than that given chips should result in a higher total 
yield from knotter rejects. Too, a stronger pulp 
should be produced if excessive degradation of the cellu- 
lose is not allowed in the second cook. There also was 
some evidence that the cooking of a mixture of knots 
and chips caused a buildup of knots in the system neces- 
sitating periodic disposal of the excess. In the interest 
of obtaining a more uniform pulp and higher yield from 
cooking of rejects, and possibly reducing the quantity of 
rejects to be handled, an investigation was started on 
both a laboratory and mill scale to determine the prac- 
ticability of making separate knot cooks. 

A series of cooks of knotter rejects was made in the 
pulping laboratory experimental digester. By varying 
cooking conditions total yields of 57 to 68% and screened 
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yields of 56 to 64% were obtained at permanganate 
numbers of 21 to 34. These data are plotted in Fig. 3 
which shows permanganate number versus total yield 
and versus total alkali. 

Test results indicated that the strength properties 
of pulp from recooked rejects were lower than those of 
pulp from regular cooks, but substantially higher than 
those of pulp from refined knotter rejects. Color of the 
handsheets was only slightly darker than that of sheets 
from regular pulp. The color and lower strength prop- 
erties were of no great concern considering the relatively 
small amount of this pulp that would be blended with 
the regular stock. 

At this time, several experimental cooks of knotter 
rejects only were made in mill digesters. The first of 
these were not particularly successful due evidently to 
excessive dilution of the cooking liquor by the water re- 
maining with the rejects. When the digester drain 
valve was left open during filling, allowing considerably 
more, dewatering of the charge, better pulping was 
achievéd. Two small vibratory dewatering screens 
were instalted in parallel just before the loading con- 
veyor to the digesters. Consistency of the knots was 
increased from about 3% to 20 to 25% before entering 
the digesters. Further dewatering occurs through the 
digester drain valve as the rejects are compressed while 
loading. 

The results of these experimental cooks indicated 
that it would be preferable to cook knotter rejects sep- 
arately rather than with fresh chips. Consequently, 
the rejects handling system was modified to allow this 
tobedone. The only changes necessary were the instal- 
lation of the dewatering screens and the replacement of 
the Rotolift by a belt conveyor to the digesters. Drain- 
age from the screens is returned to the Woods thick- 
ener for recovery of fiber. The conveyor is installed 
so that it can be swung easily to load any one of the 
three digesters that are used for cooking rejects. 

The rate of loading rejects in the digesters depends on 
the rate of production of knots since there is virtually 
no storage space in the system. Actually, the flow is 
continuous from the knotters to the digesters, with a 
very slight retention time, possibly 7 to 9 min., in the 
knots chest. When the ratio of board pulp to paper 
pulp is decreased, of course there are fewer rejects and 
a longer time is required to charge a digester. During 
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these periods of low reject production, rather than keep 
digesters idle, regular cooks or fresh chips are made. 

Digesters are not charged full of knots as they are 
with chips. Because of the higher yield from rejects, 
in the neighborhood of 65% a fully loaded digester 
would blow considerably more pulp into a diffuser. 
Since this would make for nonuniformity in diffuser 
operation, it has been the practice to charge only 
enough knotter rejects to produce approximately the 
same quantity of pulp as the normal chip cook. 

The knotter rejects, as charged to a digester, are par- 
tially delignified and still impregnated with some soda; 
consequently, a lower soda charge and less rigorous 
cooking conditions are applied to these cooks. A con- 
stant volume of cooking liquor, averaging about 75% of 
the normal charge with chips, is used in each knot cook 
regardless of the activity of the liquor. No black 
liquor make-up is used. 

The cook is brought to pressure as rapidly as pos- 
sible, usually in about 40 or 45 min. then held at pres- 
sure for approximately 45 min. Since the volatile 
material remaining in rejects is negligible, very little 
relieving is required and this is done to the atmosphere. 

The digester chart in Fig. 4 shows two typical knotter 
rejects cooks as well as two regular cooks. Note that 
the cooks are all to the same pressure, 110 Ib., but the 
total time of each knot cook is only about 90 min. com- 
pared to 2 hr. for the regular cooks. The time re- 
quired to charge the digester with rejects for these cooks 
was from 5 to 6 hr. 

Rejects are generally cooked to a permanganate num- 
ber of about 33, slightly less than the average for our 
board cooks. The pulp, after the blow, is washed in 
diffusers and blended with the regular furnish to the 
board machines. 

Cooking knots separately has apparently eliminated 
the build-up of knots in the system that was experi- 
enced when knots and chips were cooked together, and 
periodic discarding of knots is no longer necessary. 

It is probable that still further revisions will be made 
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in the rejects-handling system. A study of more ad- 
vantageous means of utilizing rejects is being made. 
One possibility is as a replacement for the kraft pulp 
that is presently being blended with semichemical stock 
in the production of corrugating medium. Perhaps it 


will be possible to fiberize mechanically at least some 
of the knotter rejects to salvage the yield that is lost 
as a result of recooking. 

Recrivep Nov. 17, 1954. Presented at the Highth Alkaline Pulping Con- 
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An Electrostatic Process for Applying Dry Coatings on 
Paper 


R. B. REIF 


An electrostatic process has been developed for coating 
paper with dry coating materials in powder form. The 
coating material, suspended as a dust cloud in air, is 
charged electrically and deposited on the web with strong 
electrostatic fields. The general design and operation of 
the coating unit, the nature and processing of the coating 
materials, and the types of coatings made by the process 
are described. Many different resins and pigments can 
be applied by this process to provide a wide variety of prop- 
erties in the coatings. 


A NEw method has been developed for coating 
paper with a dry coating applied by means of electro- 
static forces. The basic principles of the process have 
been proved, coating formulations, and methods of 
processing the coating materials have been developed, 
and several model coating units have been built and 
operated successfully. This process was developed for 
the Bergstrom Paper Co., Neenah, Wis., in work spon- 
sored at Battelle Memorial Institute, Columbus, Ohio. 
At present, the process has advanced to the pilot-plant 
stage. 

In the Bergstrom process for coating paper, the coat- 
ing material is applied in the form of finely divided 
powders. Air rather than water is the vehicle used for 
transporting the coating materials, and a strong electro- 
static field deposits the materials on the paper web. 
This process is a radical departure from conventional 
systems and machinery for applying coatings on paper. 


THEORY OF ELECTROSTATIC COATING 


The principle used in the Bergstrom process for coat- 
ing paper is basically the same as that used in an electro- 
static precipitator. The coating material, suspended 
as a dust cloud in air, is charged electrically and depos- 
ited on the web with strong electrostatic fields. 

Charging the air-borne coating powder, an important 
part of the process, is carried out with unipolar corona 
discharge. Corona discharge occurs when wires are 
raised to a high electrical potential. It is visible as a 
bluish glow in a limited region around the wires. The 
glow is caused by intense ionization which produces 
large numbers of ions of both polarities. Ions with 
opposite polarity of the wire rush to the wire and are 
neutralized. Ions of the same polarity as the wire are 
Beyond the glow, the ions re- 
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polarity. In their travel, many of these ions are cap- 
tured by coating particles in the air. The polarity of 
the corona can be changed, so that the coating powder 
can be charged positively or negatively. 

Two particle-charging mechanisms are present in 
corona discharge; gas ions moving in an electrical field 
bombard the coating particles, and other gas ions con- 
tact the coating particles by ion diffusion. Inasmuch 
as the coating particles generally are larger than 2 mu in 
diameter, only the first mechanism is of primary im- 
portance in the coating process. Pauthenier (7), with 
the aid of some restricting assumptions, derived an 
equation for the charge Q on a particle after time ¢ in an 
electrostatic field of strength H 
Ea a NeKt 

1+ | 


o=[14+2555]7 
where D is the dielectric constant of the particle of 
radius a, e is the electronic charge, N is the ion density 
and K is the ion mobility of the gas. This equation 
applies primarily to spherical particles, but charging of 
irregularly shaped particles such as the coating mate- 
rials is governed by the same factors. High-voltage 
charging fields obviously are desirable in charging par- 
ticles. Although the charging of a particle is a func- 
tion of time, most of the final charge is attained in about 
0.01 sec. 

In the Bergstrom coating unit, the charging mech- 
anism consists of a series of small wires equally spaced 
from a large plate electrode. When more than one 
wire is used, the additional wires suppress the emission 
of electrical charges somewhat, and the total emission 
from all of the wires, while greater than that from a 
single wire, is not proportionately greater than that 
from a single wire. However, it is sufficient to review 
the case of the single wire. Fora single wire at distance 
d from a plane surface electrode, the electric field in- 
tensity His given by: 

1 MK 
~ rln (2d/R) 


where V is the applied voltage, R is the radius of the 
wire, and r is the distance from the center of the wire to 
any point in the field. To obtain high intensity fields, 
wires of small diameter, about 0.005-in. are used in the 
charging unit. These wires are raised to a potential 
of from 13 to 26 kv. 

Charged particles of powder are driven onto the 
paper by the forces exerted by strong electrostatic fields. 
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The motion of the particles toward the paper is governed 
by the viscosity, u, of the air stream, which retards the 
particles, and the electric force #Q, which accelerates 
the particles. For spherical particles obeying Stokes’ 
Law, the terminal velocity, v, of a particle is given by: 


6zyva = HQ 
or 


ee 
o  Gxua 


As Q, the charge on the particle, is a function of time, 
the particle does not attain full velocity immediately; 
however, the maximum velocity should be reached in 
about 0.01 sec. 

The electrical field between the charging wire and 
plate electrode drives the coating powder toward the 
plate electrode where a moving web of paper intercepts 
the particles that reach the plate. The particles that 
do not reach the paper here are deposited on the web as 
it passes through a second electrical field between two 
large parallel plate electrodes. The field # between the 
parallel plates is described by the simple equation: 

V 
aed 
where d is the distance between the electrodes and V is 
the applied voltage. To deposit a particle moving in 
the air stream of velocity a between the two electrodes 
of length L, the particle must reach the paper in time 
t where t = L/a. 


BASIC DESIGN OF COATING UNIT 


Figure 1 is a diagram of the Bergstrom electrostatic 
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Feed 
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Fig. 1. Diagram of electrostatic coating unit 


unit for coating paper. It consists essentially of (1) a 
closed system for generating and circulating a cloud of 
coating powder, and (2) a means for electrically charg- 
ing and depositing the coating powder on the paper web 
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in the coating chamber. The coating powders are fed 
into the circulation system upstream from the blower. 
Passing through the blower breaks up agglomerates and 
suspends the powder in the air stream. 
Figure 2 is a photograph of the coating unit, and Fig. 


Fig. 2. Electrostatic coating unit 


3 isa diagram of the coating chamber showing the charg- 
ing wires and electrodes used in depositing the coating 
on the paper. The paper web passes over the front 
electrode. Near the entrance of the coating chamber, 
corona emission produces a region of ionization between 
the charging wires and the front electrode. The charg- 
ing unit is usually at the same high potential as the rear 
electrode. The operating potentials usually are from 
13 to 26 kv. 

As the air-borne coating powder enters the coating 
chamber, it passes through a curtain of ions which 
charges it to one polarity. Part of the powder is de- 
posited immediately, and the rest passes into the electro- 
static feld between the large parallel electrodes where 
the electric field drives it against the web of paper. 
Particles not charged sufficiently to be deposited return 
to the blower and are recycled. 


OPERATION OF COATING UNIT 

Coatings from 3 to 20 lb., basis 25 & 38—500, have 
been deposited on webs moving at rates up to 100 f.p.m. 
Much faster speeds probably can be attained. Web 
speed probably will be limited only by the rate at which 
the electrical charge can leak off the powder deposited 
on the web. The electrical charges must drain off the 
coated web before leaving the strong electrostatic field. 
Otherwise, repulsion of the like charges on the web and 
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coating powder may cause disturbances in the coating 

that will mar the appearance of the finished paper. 
Once the coating is deposited on the paper and leaves 

the coating unit, it is fixed to the paper with heat. This 
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Fig. 3. Schematic diagram of coating chamber 


fusing is done as the web passes through an infrared 
oven or over a heated roll. 


NATURE OF COATING MATERIALS 


The coating applied by the electrostatic process 
usually consists of pigments and a heat-sensitive binder. 
The binder may be thermoplastic (fuses when heated) 
or thermosetting (hardens after passing through a plastic 
stage on initial heating). Usually the binder consists 
of a blend of materials such as film-forming resins, 
brittle resins, plasticizers, waxes, and other modifying 
materials. Satisfactory coatings have been made with 
vinyl copolymers, cellulose derivatives, polyamides, 
polystyrenes, and many other natural and synthetic 
resins. Because many different resins are available, a 
wide variety of properties can be obtained in the coat- 
ings. 

In the course of the work done at Battelle, over 700 
different coating formulations were evaluated. Not 
4 only are the dielectric properties of the materials im- 
4 portant in controlling the charging and deposition of 
1 the coating, but the melting point, adhesive strength, 
film-forming characteristics, and plasticity of the mate- 
rials are factors that can be adjusted to obtain satis- 
factory mechanical properties in the coatings. 
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PROCESSING OF COATING MATERIALS 


Coating materials must be ground before use, pref- 
erably to an average size of from 5 to 10 mu to prevent 
graininess in the coatings. Coatings containing less 
than 50% pigment can be made from mixtures of finely 
ground pigments and binder materials. However, for 
coatings having higher percentages of pigment, the 
pigment must be blended in the molten binder before it 
is ground to improve the adhesion of the coating to the 
base paper and to prevent dusting of the surface of the 
coating. 

To make coatings with more than 50% pigment, the 
coating materials are blended in a Banbury mill, or a 
heavy-duty mixer. After the materials are mixed 
thoroughly and cooled, the mixture is ground into a 
fine powder. The grinding operation consists of pre- 
crushing the lump material with a comminuting ma- 
chine to reduce the particle size to !/4-in. or smaller, and 
then fine grinding in a jet pulverizer. The precrush 
operation helps to produce a uniform particle size in the 
final product. 

Through use of this blending technique, as much as 
80% pigment loading has been obtained in coatings. 


TYPES OF COATINGS 


Because of the resinous nature of the binder, the 
coatings usually have the characteristics of plastic coat- 
ings; and the high pigment loading also gives some 
properties similar to the highly pigmented coatings 
applied in water systems. A wide variety of colored 
coatings can be made by mixing commercial colored 
pigments with the binder materials. On the other 
hand, coatings need not contain pigments. Plastic 
films can be prepared by this process. 

In addition, paper can be coated with mica, flock, and 
metallic pigment. Carbon paper and waxed paper can 
be prepared also. Coatings can be applied on one side 
or on both sides of the web. Heating the coatings 
gives matte finishes, but the coatings can be super- 
calendered to bring out gloss and to smooth the surface. 
A special cast-coating operation was developed also to 
produce a surface with extra high gloss. 


FUTURE OF ELECTROSTATIC COATING 

A major advantage of this process is its adaptability 
to different types of coatings in a variety of colors. In 
addition, no water or solvents are necessary, and rela- 
tively high pigment loading can be obtained in the 
coatings. Cleanup and maintenance of the coating 
unit are simple. 

Cost estimates have been made for several types of 
coatings apphed by the electrostatic process. On the 
basis of these estimates, the economics of the process 
compares favorably with conventional methods. The 
Bergstrom coating process particularly is suited for 
small-job work and specialty coatings. The versa- 
tility of the process recommends it for producing many 
of the better-known types of coated papers as well as 
for making unique coated products in web form. 
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A Study of the Lignin Removed During a Neutral Sulphite 
Cook of Aspen 


J. E. STONE 


Cooking liquors withdrawn from the digester at various 
times during a neutral sulphite cook of aspen have been 
oxidized with alkaline nitrobenzene. The vanillin and 
syringaldehyde so formed were determined and _ their 
ratio found to change continually throughout the cook. 
The syringaldehyde yield was zero at the start of the cook, 
but increased until the final liquor yielded twice as much 
syringaldehyde as vanillin. When calculated as a per- 
centage of the lignin in the liquor (the lignin being deter- 
mined. by ultraviolet spectrophotometry), the yield of 
vanillin was approximately constant throughout the cook 
whereas the syringaldehyde yield continually increased. 


A RECENT study in these laboratories by Quick 
(5) was concerned with the carbohydrate material re- 
moved from aspen (Populus tremuloides) at the various 
stages of a neutral sulphite cook. This study made 
available a series of liquors taken from the digester at 
various times during the cook and it appeared of inter- 
est to make a brief study of these liquors from the point 
of view of the lignin present. Of chief concern was the 
question as to whether pronounced differences could be 
found between the lignin removed during the early 
stages of the cook and that removed later. 

The question immediately arose of how to isolate the 
lignin. Quick (5) had found that the material precipi- 
tated from the liquors with acid represented only a 
fraction of the lignin as determined by ultraviolet ab- 
sorption measurements or by subtracting the lignin in 
the pulp from the lignin in the wood. This is not sur- 
prising in view of the fact generally accepted today that 
some lignin is acid soluble. Rather than risk any 
separation scheme, therefore, which might fractionate 
the lignin and yield only one of the fractions, it was de- 
cided to use the whole cooking liquor. The characteri- 
zation of the lignin in the various liquors would be made 
by carrying out an alkaline nitrobenzene oxidation 
followed by a determination of the vanillin and syring- 
aldehyde so formed. 


EXPERIMENTAL 


The cooking conditions used by Quick were similar 
to commercial practice. The maximum temperature 
was 171°C. and the yield after a total cooking time of 
210 min. was 76.3%. The initial pH was 8.3 and the 
final pH, 7.05. Liquor was removed from the digester 
after 30, 60, 90, 120, 150, 180, and 210 min. from start- 
up, the temperatures at these times being 64, 100, 133, 
L644 Le and. WOeC, 

The oxidation of the liquors and determination of 
aldehydes was carried out by the micro-method of 
Stone and Blundell (6). The first four liquors—i.e., at 
30, 60, 90, and 120 min., were concentrated to about 


J. E. Stone, Research Assistant, The Institute of Paper Chemistry, Apple- 
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half volume. The others were used (after filtration) 
just as they came from the digester. One milliliter of 
liquor was made up to 2 normal in sodium hydroxide 
by adding 0.5 ml. of 6 N NaOH, 0.15 ml. of nitroben- 
zene was added, and the small bombs containing this 
mixture heated at 160°C. for 2 hr. with agitation. Ali- 
quots of the liquors were then chromatographed and 
the vanillin and syringaldehyde determined spectro- 
photometrically at the appropriate wavelengths. For 
comparison, an oxidation was also carried out on the 
original wood (Populus tremuloides), ground to a 60-80 
mesh meal. 


RESULTS 


The results are shown in Table I and Fig. 1. The 
ratio of vanillin to syringaldehyde obtained from the 
various liquors changes throughout the course of the 
cook. Both aldehydes increase in amount but syring- 
aldehyde, which could not be detected in the 30-min. 
liquor, increases much more rapidly than the vanillin, 
until it predominates by a factor of more than two. 
Basing the aldehyde yield on the amount of lignin in 
the liquor (the lignin being determined by ultraviolet 
absorption measurements), the yield of vanillin is seen 
to stay approximately constant whereas the yield of 
syringaldehyde steadily increases. 


DISCUSSION 


The conclus:on cannot be escaped that the lignin re- 
moved from the wood at the early stages of the cook is 
different in composition to that removed later. As 
the cook progresses the hgnin found in the liquor ap- 
proaches the composition of the total lignin in the wood 
so far as vanillin and syringaldehyde production is con- 
cerned. The reason for the differences between the 
liquors may be either that there is a different ratio of 
guaiacyl to syringyl groups actually present or that 
there is a different ratio of the oxidizable bonds joining 
these groups to the parent molecule. 

The constancy of the vanillin yield when based upon 
the ultraviolet lignin is remarkable in view of the cal- 
culations involved and the very large differences in ab- 
solute amount of lignin present in the various liquors— 
forty-fold in going from the first to the last liquor. The 
constancy of vanillin yield even extends to an oxidation 
of the wood meal itself. It seems very unlikely that 
this situation is fortuitous and based upon compensat- 
ing errors. The result suggests the existence of a com- 
paratively uniform guaiacyl polymer which appears in 
the liquor in increasing amounts during the course of 
the cook, giving a certain absorption in the ultraviolet, 
and which is oxidizable to a definite yield of vanillin re- 
gardless of the amount present. It may be that the 
absorbance of ultraviolet light at 280 mmu, used in the 
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Fig. 1. Aldehyde yield from alkaline nitrobenzene oxida- 
tion of liquors from neutral sulphite cook of aspen 


determination of “lignin,” is due to the presence of the 
same groups and bonds which are susceptible to oxida- 
tion. A constant ratio of “lignin” to vanillin would 
therefore not be surprising because they would be two 
different ways of measuring the same thing. This 
hypothesis is greatly complicated by the amounts of 
syringaldehyde formed. The syringaldehyde yield, 
based on the ultraviolet lignin, increases from zero to 
23.0% of the lignin in the course of the cook, suggesting 
that the polymer containing syringyl groups is less 
soluble than that containing guaiacyl groups, either 
because of structural differences or a different location 
in the cell wall, and therefore does not appear in the 
liquor until much later in the cook. Alternatively, 
the ‘“‘syringyl lignin” does appear in the liquor at the 
start of the cook but contains no bonds capable of being 
oxidized to an aldehyde group. This will be discussed 
later. If it is the syringyl groups which are absent in 
the early stages of the cook, it appears to follow that 
the “‘syringyl lignin” does not contribute to the ultra- 
violet absorption. If it did, the yield of vanillin should 
decrease as more and more syringy] lignin appeared in 
solution. Furthermore, if the ultraviolet absorption 
of the lignin represents both guaiacyl and syringyl 
groups, then the sum of the two aldehyde yields rather 
than just one of them should be proportional to the 
lignin content. The data show quite clearly however 
that the sum of the two aldehydes bears no simple re- 
lationship to the ultraviolet lignin in the liquor. The 
question arises as to the validity of basing calculations 
on a lignin content obtained solely from ultraviolet 


values obtained in this way but no better alternative 
presents itself. At four times during the cook, pulps 
were obtained which permitted a Klason lignin deter- 
mination, and through a knowledge of the lignin con- 
tent of the original wood and the liquor-to-wood ratio, 
it is possible to calculate the amount of lignin lost from 
the wood and entering the liquor at any stage of the 
cook. These values are given in Table I. They, too, 
depend on an ultraviolet measurement, however, for 
the acid-soluble lignin obtained during the Klason lig- 
nin analysis is determined spectrophotometrically and 
represents a considerable portion of the total lignin. 
This method of calculating lignin cannot therefore be 
considered superior to the ultraviolet measurement on 
the cooking liquor itself. In any case, the use of a 
“lionin by difference” value for the lignin in the cooking 
liquor does not make the lignin in theliquor proportional 
to the amount of vanillin and syringaldehyde obtained 
from the liquor. Although a number of hypotheses 
might be advanced to explain the nonequivalence of 
ultraviolet lignin (or any other lignin) and aldehyde 
yield, there is really insufficient evidence at present to 
warrant too much speculation. 

Returning now to the question of the changing ratio 
of vanillin to syringaldehyde during the course of the 
cook, it was previously suggested that this could be due 
to either a change in the number of syringyl groups ac- 
tually present or only to a change in the number of 
oxidizable bonds joining the syringyl groups to the 
parent molecule. A methoxyl determination should 
settle this question if the lignin could be freed from 
methylated carbohydrates. It seems likely that an 
absence of syringyl groups rather than oxidizable bonds 
is responsible for the low syringaldehyde yield from the 
early liquors. Kudzin and Nord (3) found that the 
native lignin from oak, birch, and maple—1.e., the more 
soluble lignin which might be expected to appear in a 
cooking liquor at an early stage of the cook—gave a 
much lower syringaldehyde yield (nil in the case of oak 
and birch) and had a lower methoxyl than the total 
lignin from the whole wood. The lower methoxy] sug- 
gests a reduction in the number of syringyl groups pres- 
ent. Lovell and Hibbert (4) obtained a native lignin 
from aspen and separated it into three fractions with 
methoxyl contents of 16.0, 17.7, and 18.4%, all of 
which are lower than the methoxyl content of Klason 
lignin obtained from the wood. This again suggests a 
lower syringyl content in the more soluble lignin frac- 
tion. Buchanan, Brauns, and Leaf (2) obtained a 
“crude” aspen native lignin with a methoxyl content of 
17.6% which, when purified, had 19.5% methoxyl. 


APP I October 1955 Vol. 38, No. 10 


measurements. There is naturally some doubt about 
Table I. Yield of Vanillin and Syringaldehyde from Liquors Obtained During Neutral Sulphite Cook of Aspen 
; H ; : Beast nolan Aldehyde yield: EET 
Time from Lignin tn liquor, Syring- Based on ultraviolet lignin Based on lignin by difference? Ratio of 
start of g./100 ml. Vanillin, aldehyde, Syring- Syring- vanillin/ 
cook, min. By ultraviolet By difference” g-/100 ml. g./100 ml. Vanallin aldehyde Vanillin aldehyde syringaldehyde 
30 0.052 0.025 0.009 Not detectable 17.4 ee 36.0 See 
60 0.112 Be 0.012 Not measurable 10.6 os on a. 
90 0.284 0.500 0.036 0.012 12.6 4.2 4 2.4 3:1 
120 0.763 -. 0.075 0.075 9.8 9.8 Rts ee ee 
150 1.15 1.55 0.141 0.202 12.2 17.6 oll 13.0 Tele 
180 1.47 : ees 0.177 0.316 12,0 21.6 ius Bart LEG ke} 
a 210 2.20 : 2.28 0. 264 0.504 12:0 23.0 11.6 22.0 ei) 
‘4 Wood-meal, of 
+ @©-:« 46.5 mg. i 9.86 mg.? 1.08 mg. 2.56 mg. Vanillin: 11.0° 1:24 
Syringaldehyde 26.0 
@ Lignin in wood minus lignin in pulp, each lignin being the sum of Klason plus acid-soluble lignin. Quick (5). 
> Based on sum of Klason plus acid-soluble lignin in wood. 
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This “purification” consists in part of precipitation 
from alcohol by water, and this procedure necessarily 
eliminates the water-soluble fraction which is there- 
fore quite possibly lower in syringyl groups than the 
water-insoluble material since its removal raises the 
methoxyl content of the remainder. It is likely to be 
the water-soluble lignin which is removed during the 
early stages of a cook. Aaltio and Roschier (/) ob- 
tained a series of lignins from a butanol-water cook of 
aspen (Populus tremula) buffered around pH 6 to 7, and 
found that the methoxyl content steadily decreased 
with increasing lignin removal. This appears to be in 
direct conflict with the present findings. However, 
their first cook removed over 40% of the lignin with the 


rest of the series of lignins being obtained during the 
removal of the remaining 60%. In the present work 
the lignin studied was that from zero to 40% removal. 


LITERATURE CITED 


1. Aaltio, E., and Roschier, R. H., Paper and Timber (Finland) 
36, No. 4a: 157-174 (1954). 

2. Buchanan, M. A., Brauns, F. E., and Leaf, R. L., J. Am. 
Chem. Soc. 71: 1297-1299 (1949). ” 

3. Kudzin, 8. F., and Nord, F. F., J. Am. Chem. Soc. 73: 690 

1951). 

-4. ot, E. L., and Hibbert, H., J. Am. Chem. Soc. 63: 2070- 
2073 (1941). _ 

5. Quick, R. H., Doctor’s Dissertation, Appleton, Wis., The 
Institute of Paper Chemistry, 1955. (To be published. ) 

6. Stone, J. E., and Blundell, M. J., Anal. Chem. 23: 771 (1951). 


RECEIVED June 8, 1955. 


Some Aspects of Dispersion 


The proper dispersion of pigments in a coating color is of 
the greatest importance. Even if occasional particle ag- 
gregates are not so large as to cause ‘‘sandy coatings,” 
which would obviously be detrimental to good printing, 
inefficient dispersion even at a much lower size level will 
detract from the basic covering power and brightness 
characteristics of any pigment. It is a well known fact 
that the optimum value of colored pigments is only de- 
veloped by their maximum dispersion (whether in paints, 
inks, or paper coatings) and it is equally true that the 
optimum value of white pigments is similarly dependent 


on their proper dispersion. 


No arrempr will be made in the following dis- 
cussion to go into the various theories of dispersion 
which have been well covered in many technical books 
and articles appearing in scientific periodicals. How- 
ever an attempt will be made to note and illustrate some 
of the simpler and more practical aspects of dispersion 
and the possible effect on the final coating. 


BASIC CONCEPTS 


A dispersion of a pigment in a coating color may be 
defined most simply as the uniform distribution of the 
pigment solid particles in the liquid vehicle. The 
powdered pigment consists of aggregations of smaller 
particles. Mechanical work is required to disperse the 
pigment in the vehicle, and the forces so imposed on the 
aggregates cause them to break down into smaller units. 
Once so dispersed the particles are free to move about 
and to form different associations than existed in the 
original aggregates. They may be kept in the dis- 
persed condition, or flocculated by the addition of mate- 
rials which will alter the charges on them. 

A primary particle (Fig. 1) is usually considered as 
one which can only be reduced in size through fracture. 
Generally, such primary particles are more of theo- 
retical than of practical interest since it is questionable 
whether many grinding or milling procedures reduce 
the powdered pigment to this extent. The actual par- 
ticle dealt with, sometimes known as the ‘ultimate 
working unit,” is usually a group of primary particles 
W. R. Winners and L. E. GrorGevirs (now with the Borden Co., Chemical 
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that retains its structure throughout the dispersion proc- 
ess, and is commonly called an aggregate. 

Aggregates vary in their properties. A dense aggre- 
gate (Fig. 2) is composed of primary particles so closely 
bound together that it can be considered as a large pri- 
mary particle while an open structure aggregate has the 
primary particles closely bound yet spaced far enough 
apart to give an open structure (as shown in Figs. 3 and 
4). An agglomerate may be considered as a loosely 
bound, soft aggregate frequently formed by the dry 
handling of the pigment containing some adsorbed air. 
A large aggregate in a field otherwise essentially com- 
posed of primary particles is shown in Fig. 5. A floc- 
culate can be considered as a loose cluster of primary 
working units which were in the dispersed form prior to 
flocculation, and this condition is shown in Fig. 6 which 
depicts a dispersion before and after flocculation. 

All these must be considered in the preparation of 
coating colors. Large pigment aggregates or floccu- 
lates in the final color can result in poor finish and pick- 
ing. Since the optimum particle size to develop maxi- 
mum covering power and brightness is in the range of 
half the wavelength of light, oversize aggregates or 
flocculated pigment adversely affect pigment efficiency. 
The effect of particle size on the hiding power of a rutile 
titanium pigment is shown in Fig. 7. These points 
are all of particular interest as regards titanium pig- 
ments since the size of the ultimate working unit, if 
properly developed, is in the ideal range for optimum 
opacity and brightening power. Titanium pigments 
have greatly improved in their dispersion character- 
istics as shown by the comparisons illustrated in Fig. 8, 
typical routine dispersion tests. 

Generally, in the paper industry a good dispersion 
means that the pigment is finely divided—that is to 
say free of any large aggregates. It is, of course, pos- 
sible to have finely divided ultimate working units ina 
flocculated system but usually a good dispersion refers 
to a deflocculated system. Thus, a good dispersion 
can be considered as the result of the reduction in size 
of the aggregates by mechanical means together with 
the presence of a deflocculating, surface active material 
known as a dispersant or a dispersing agent. 
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Table 1. Effect of Alkali on Dispersing of Pigments in Water 


Viscosity, sec. 


NaOH No. 4 Ford cup 
Total based on = : 
solids, % pigment, % pH As made After 24 hr. 

Coating clay 59 0.1 a0 60 Puffy 
59 0.15 8.3 30 30 

Anatase—water dispersible type titanium 75 0 6.9 16 Puffy 

dioxide 75 0.03 Ue 22 Puffy 
75 0.06 Paste o 
Anatase—medium oil type titanium dioxide 43 0 = Puffy a 
43 0.13 10.9 19 19 
46 Opis ial eal 26 16 
Rutile—nonchalking type titanium dioxide 70 0.06 9.1 12 19 
U5) 0.09 9.3 17 27 


DISPERSANTS 


The selection of a dispersing agent is frequently an 
important matter. For example, a small amount of 
alkali makes it possible to prepare a fairly high total 
solids water slurry of clay and of some types of rutile 
titanium dioxide, but is ineffective with a water-dis- 
persible grade of anatase titanium dioxide and only 
shghtly effective with a “medium oil” type of anatase 
titanium dioxide, as shown in Table I. It must be 
borne in mind that these results are only illustrative 
and that clays and pigments from different sources might 
behave quite differently. However the data do show 
that as simple a surface active agent as caustic soda is 
very effective in dispersing at least one type of rutile 
titanium dioxide, fairly effective in dispersing one type 
of clay, slightly effective in dispersing one type of 
“medium oil” titanium dioxide, and actually of nega- 
tive value in dispersing one type of water dispersible 
titanium dioxide. 

In preparing water slurries of clays such materials as 
sodium silicate have also been used but these have not 
been found particularly suitable for other pigments, 
especially where high total solids water slurries are re- 
guired. Probably the most important dispersing 
agents are the glassy sodium polyphosphates, such as 
sodium hexametaphosphate, tetrasodium pyrophos- 
phate, and sodium tetra phosphate and many others sold 
under various trade names. Certain pigments such as 
the ‘‘water dispersible types” of titanium dioxide or 
“»redispersed”’ clays have soluble salts absorbed on the 
pigment particles which act similarly to the use of an 
added dispersant. For example, a water-dispersible 
titanium dioxide can be made into a water slurry of 
75% total solids, and occasionally higher providing 
distilled or soft water is used. If hard water is used 


the occluded soluble salt must first act to sequester 
calcium and magnesium ions before exerting its dis- 
persing action. Similarly, if nonwater dispersible 
erades of pigment are used together with a glassy phos- 
phate as a dispersant, it is possible to make high total 
solid slurries, but the amount of dispersant required will 
be much greater if the water is hard than if it is soft. 

However, it should be emphasized again as it has 
been many times in the past that the use of too much 
of such a dispersant reduces its efficacy, and that more 
may be required for one pigment than for another. It 
is well to determine by titration or a few other pre- 
liminary laboratory tests the dispersant requirement 
of a pigment using the same water that will be used in 
commercial operation. When using a glassy phosphate 
dispersant, pH may play an important role in some 
cases, much less in others, as shown by the data of 
Table II. These data which again are given only by 
way of illustration still serve to indicate that it is always 
advisable to determine beforehand the optimum con- 
ditions for dispersing a given pigment as a water slurry, 
and not to assume that the optimum conditions for one 
pigment will necessarily be the best for another. 

Many simple methods for determining the dispersant 
requirement of a pigment will be apparent to the tech- 
mician. One of the simplest merely involves setting up 
a water slurry on a high speed laboratory mixer and 
adding small increments of the dispersant, determining 
the viscosity at each increment. The minimum viscos- 
ity will indicate the best dispersion and therefore the 
correct amount of dispersant to use. Actually, in 
practice a slight excess is almost always desirable since 
a bit too much is better than a bit too little. 

Organic dispersing agents have been frequently sug- 
gested and some of these have proven very effective in 


Table II. Effect of Sodium Hexametaphosphate on Dispersion of Pigments in Water at Varying pH 


Viscosity, sec., 


-—Per cent based on pigment— a a 
Sodium No. 4 Ford cup 
Total hexameta- As After 
solids, % NaOH phosphate pH made 24 hr. 
Coating clay > aaa 70 0 03 53 65 60 
70 0.1 0.3 an) 30 30 
70 0.2 0.3 OR 23 23 
Anatase—water dispersible type titanium UE: 0 0 6.9 16 Puffy 
dioxide 75 0 0.1 7.0 16 Puffy 
75 0 0.2 7.2 40 Puffy 
Anatase—medium oil type titanium dioxide 70 0 0.4 120 14 16 
70 0.03 0.4 9.2 21 22 
70 0.06 0.4 9.7 22 DD 
Rutile—nonchalking type titanium dioxide 75 0 0.4 8.2 13 13 
75 0.06 0.4 Sail 13 13 
19 0.12 0.4 Oi 13 13 
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Primary particles of titanium dioxide electron 
micrograph; X 14,000 


Fig. 1. 


other fields. A common one is gum arabic which is an 
effective dispersing agent for “paint grades” of titanium 
pigments and similar materials. However, some years 
ago 1t was noted that when a fluid dispersion of tita- 
nium-calcium composite pigment was made at 65% total 
solids by using 2% gum arabic (based on the pigment) 
and this was mixed with a fluid slurry of clay prepared 
at the same total solids using a polyphosphate, the mix 
flocculated badly gene this was not evident at 
lower solids of 50% or less. Similarly, when gum ara- 
bie was added to a high total solids slurry of a water 
dispersible titanium dioxide, the slurry thickened and 
flocculated. These instances demonstrated that care 
should be taken in using surface active agents, dispers- 
ants, and the like, to make sure they are compatible 
with each other and with the pigments with which they 
are used. 

This can be illustrated by a few simple tests noted in 
Table II in which slurries of 66.7% solids were pre- 
pared of clay and of a medium oil-type anatase tita- 
nium dioxide, using a glassy polyphosphate in one in- 
stance and gum arabic in the other. In the case of both 
pigments the glassy polyphosphate proved the more 
effective dispersant although gum arabic also gave fluid 
slurries. When the clay and titanium dioxide slurries 
prepared with the glassy phosphate were mixed, the 
final viscosity was in between that of each, when the 
slurries prepared with gum arabic were mixed the final 
viscosity was higher than that of either of the separate 
slurries and when the clay slurry prepared with the 
polyphosphate was mixed with the titanium dioxide 
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Fig. 2. Dense aggregates of titanium dioxide electron 
micrograph; X 14,000 
614 


& I micron a 


lll, 


Open structure aggregates of titanium dioxide 
electron micrograph; X 14,000 


slurry prepared with the gum arabic, the final viscosity 
was much higher than that of either taken separately. 

Here again the examples given are only indicative of 
what may happen and not conclusive of what will 
happen. Different types of pigments and clays may 
behave differently than the examples given, such factors 
as total solids and pH may well have an effect and, in 
general, what is found to hold in one case may or may 
not hold in another. However, it is always well to de- 
termine the effect of any dispersant at the conditions 
under which it is to be used rather than to assume a 
specific behavior. 

Alkali-cut casein or alpha protein have also been 
widely used for dispersing pigments especially if they 
are to constitute the final binder in the vehicle, or if a 
latex is used in which case they exert a stabilizing effect 
on the latex emulsion. Generally speaking, about 3% 
of the casein or protein, based on the pigment, is used 
and is incorporated directly in the slurry water. The 
total solids attainable are less than those resulting from 
the use of optimum amounts of glassy polyphosphates 
and there is naturally a greater tendency to foam. 

Volumes have been written on dispersion and the 
effect. of surface active agents. While the above dis- 
cussion has deliberately avoided the many complexities 
involved it has attempted to illustrate that the proper 
selection and use of a dispersing agent in the preparation 
of water slurries for incorporation into coating colors is 
important and not quite as simple as frequently as- 
sumed. 


& 
b ! micron 
Fig. 4. Open structure aggregates of titanium dioxide 
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FLOCCULATION 


It was noted earlier that a pigment could be com- 
pletely dispersed and then flocculated or agglomerated 
by subsequent treatment. This has been observed in a 
number of instances where a casein or isolated protein 
solution was added very quickly to a thoroughly dis- 
persed slurry of a titanium pigment or clay or of a mix- 


| micron 


Large aggregate in a field otherwise essentially 


Fig. 5. 


composed of primary particles; X< 8900 


ture of both. This condition has been known as 
“easein shock” or “protein shock.’ If the adhesive 
solution is added very slowly with thorough mixing, 
or if a small amount of it is used when the pigment 
slurry is milled, such flocculation is minimized. <Ac- 
tually, the agglomerates so formed are usually very 
loose and soft and would break down under continued 
agitation but there may be cases where a coating is 
used soon after preparation where the flocculates might 
persist and show up as lumps in the final coated sheet. 

This type of “shock” is shown in Fig. 9. The slur- 
ries were milled so as to be virtually aggregate-free and 
then alkali-cut casein added very rapidly causing 
aglomeration (‘‘shock’”’?) in one case and also very 
slowly with constant mixing, in which case virtually no 
agglomeration occurred. The various mixes were 
drawn down on glass slides and photographed at about 
13 diameters using a grazing light at an angle of 8° and 
a Polaroid camera set-up (Fig. 10). 


Here again the above is illustrative of what may 
Flocculation can definitely occur under other 


happen. 


,. 5S microns 
Fig. 6. 
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Table Ill. Effect of Sodium Hexametaphosphate and 
Gum Arabic as Dispersants 
; = ; Wancoean 
————— Dis persant——_——_—— cp. 
; Per cent based (Brookfield 
Pigment Kind on pigment pH 100 r.p.m.) 
(1) Clay Phosphate 0.5 9.8 226 
(2) Clay Gum arabic 2.0 Ori 1000 
(3) Anatase— Phosphate 0.5 8.2 300 
med. oil 
titanium 
dioxide 
(4) Anatase— Gum arabic 2.0 9.4 835 
med. oil 
titanium 
dioxide 
Combinations—50-50 of Above 
(1) Clay Phosphate 0.5) aA 
(3) Anatase— Phosphate 0.5 8.7 zoe 
med. oil 
titanium 
dioxide 
(1) Clay Phosphate 0.5 : 
(4) Anatase— Gum arabic 2.0 VA oe 
med. oil 
titanium 
dioxide 
(2) Clay Gum arabic 2.0 
(4) Anatase— Gum arabic 2.0 a8 ett 


med. oil 
titanium 
dioxide 


conditions, and the above is cited merely by way of 
illustration. 

One rather frequent cause of flocculation in a coating 
color may be the leaching of alum from the sheet during 
the coating process where excess coating is returned to 
the system, as is the case, for example, in size press 
coating. As the alum leached from the paper builds 
up in the coating color the pH is lowered and there is 
apt to be a definite flocculating effect. This can fre- 
quently be controlled by maintaining the proper pH in 
the color by addition of ammonia or other alkali. 

Coatings containing synthetic latices in the vehicle 
may also undergo flocculation and agglomeration if the 
latex emulsion is broken because of its mechanical or 
temperature instability. 

Generally speaking, once a pigment is properly dis- 
persed in a coating color means should be taken to 
assure that it is not subsequently flocculated. There 
may be occasions where a flocculated coating is de- 
sirable but these would be the exception rather than 
the rule. 


_o. 


: 5 microns 


Photomicrographs of dispersed pigment on left and flocculated pigment on right; X 1350 
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MILLING 


As noted earlier mechanical work is required to break 
down pigment aggregates into smaller sizes which ideally 
should be of the order to develop the optimum hiding 
power. However, this ideal situation is probably rarely 
obtained and the reduction is to “ultimate working 
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RELATIVE HIDING POWER 


0. 0.2 03 04 05 06 0.708091.0 
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Fig. 7. Relationship between particle size and hiding 
power for rutile titanium dioxide pigment 


units’ in a size range that persists throughout the dis- 
persion process. 

It is obvious that if large, undispersed aggregates 
persist and if they are sufficiently large to give an un- 
even “sandy”’ finish after coating and calendering, the 
effect on printing will be bad. This is shown in Fig. 11, 
representing surface photographs of commercially 
coated paperboards (made with the Polaroid camer: 
setup) showing a fairly ‘‘sandy’’ coating before and 
after calendering. While supercalendering has helped 
to reduce the large ‘‘grains’” which are so apparent in 
the unealendered sheet they are still somewhat evident 


Fig. 8. Improvement in dispersion of titanium dioxide 
pigment; vintage 1930 versus 1948 
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Water slurries 


Casein added quickly—‘“‘shock”’ 


Casein added slowly 


Clay Titanium dioxide 
Fig. 9. Effect of speed of adding casein adhesive on 
flocculation of pigment water slurries 
afterwards. An illustration of the effect of milling was 


obtained when paper was coated with unmilled and 
milled colors and then printed on a proof press with an 
over-all black print with the letters remaining uninked 
in white as shown in Fig. 12. The “sandiness” of the 
coating in the one case as contrasted with the relative 
smoothness in the other is evident. While it does not 
show up very well in the photograph the “sandy” 
coating picked badly. 

In tests on commercial paperboards a color was ap- 


Vol. 38, No. 10 October 1955 - TAPPI 


erent 5 
CAMERA ~ 


CAMERA LENS 


_ 20X WIDE 
COLLIMATED PEL D TUBE 


Eigen souRce yt \s or 
"| FIXED DISTANCE 


ate 


CANE 


t 


APPROM es) Ue 


~ PANEL HOLDER 
“PANEL STOP 


Fig. 10. Land Polaroid camera setup 


plied in which the clay-anatase titanium dioxide had 
been poorly milled prior to adding the adhesive and the 
result was a very uneven “‘sandy”’ coating. In another 
case in which a rutile titanium dioxide pigment was 
used the pigment slurry was carefully milled by the use 
of a high speed stone mill (Morehouse Speedline mill) 
and the coating thus prepared gave a smooth finish 
virtually free of any aggregates. In still another case 
an anatase titanium dioxide-clay color was prepared by 
heavy duty, high shear mixing directly in the vehicle 
in dough mixing equipment and then diluted with water 
by agitation in a storage tank, but here again the coat- 
ing was rather ‘‘sandy.” (These surfaces are shown 
in Fig. 13, taken by the Polaroid camera technique re- 
ferred to previously.) They serve to illustrate the im- 
portance of sufficient mechanical work on pigment 
aggregates to avoid ‘“‘sandiness.”’ 

In milling high solids content water slurries of pig- 
ments on high speed stone mill or colloid mill types of 
equipment it is well to bear in mind that they may be 
dilatant in rheological behavior. Instances have been 
observed where what was apparently a perfectly fluid 
slurry “froze” when passed through a colloid-type mill 
because the shearing forces exerted increased the con- 
sistency of the slurry to such an extent that it would 


After calendering 


Before calendering 


Fig. 11. “Sandy”? coating before and after calendering 


(Polaroid photos) 
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Sandy 3 Smooth 


Fig. 12. Proof press prints on uncalendered experimental 
coatings (Polaroid photos) 


not pass between the stator and rotor surfaces of the 
mill when in motion. When the power was shut off 
and the mill stopped the dilatant slurries ran through 
readily. While it is true that milling is generally most 
effective when the total solids are high it is equally true 
that when they are so high that the slurry is dilat- 
ant the mill may be rendered inoperative. Whether 
similar phenomena may occur in heavy duty high shear 
mixing directly in the vehicle using a dough mixer has 
not been observed although it does seem possible. 

Even though milling may be efficient and achieve the 
desired degree of reduction in aggregate size there is 
still the possibility that pigment colors may dry on tank 
surfaces and on stirrer shafts and fall back into the 
color where they may fail to disintegrate completely 
and show up in the final coating as large aggregates or 
specks. Not all the causes of ‘“‘sandy”’ coatings can be 
attributed to faulty dispersion or flocculation of the 
pigments. 

Even if a coating has been milled so as to reduce 
aggregates below the level where they may cause a 
“sandy” coating, additional milling may contribute to 
the properties of the coating. This was shown in an 
example where a mixture of 60 parts of clay and 40 parts. 
of a water-dispersible anatase titanium dioxide were- 
mixed under high shear conditions directly in a starch 
vehicle using a Baker-Perkins mixer. The batch was 
then diluted and divided with one portion being used. 
for coating after dilution without further treatment 
and the other passed through a high speed stone mill. 


Rutile-clay, 
speedline milled 


Anatase-clay, 
high shear mixed 


Anatase-clay, 
poorly milled 


Fig. 13. Effect of milling on coatings (Polaroid photos) 
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Fig. 14. Effect of milling on opacity and brightness 


Various weights of coating were applied to one side of 
waxing stock using a laboratory coating machine operat- 
ing on the doctor rod principle. After coating sample 
sheets were cut, the amount of coating applied accu- 
rately determined, brightness and color readings meas- 
ured and the opacity before and after complete impreg- 
nation with wax measured. As a result it was possible 
to obtain curves showing the effect of the additional 
milling which demonstrate very clearly that it resulted 
in better opacity and better color and brightness (Fig. 
14). 


CONCLUSION 


A dispersion of pigments in a coating color is the uni- 
form distribution of the ultimate working units in the 
liquid vehicle. Such a proper dispersion is the result 
of the reduction in size of the aggregates to the optimum 
size range of ultimate working particles. This is ac- 
complished by means of mechanical work (“milling”’ or 
“orinding”’) in the presence of a surface active, defloc- 
culating material generally called a dispersant. Once 
the pigments are so dispersed care should be taken to 
prevent reflocculation or agglomeration. Large size 
aggregates in a coating color may result in uneven 
finish, rough surface, poor calendering, and “sandy” 
coatings which cause poor printing and “picking,” and 
in general are undesirable from all points of view. 

The optimum ultimate working unit size to develop 
maximum opacity is in the order of half the wave- 
length of light. The fact that milling may aid in de- 
veloping this is shown by the better opacity and bright- 
ness developed by milled coatings as against unmilled 
coatings. 

Various dispersants behave differently with different 
pigments and the proper amounts to be used and the 
optimum pH should be determined for any given case 
using the same water and other conditions that will be 
used in commercial operations. Even though a pig- 
ment has been well-dispersed originally it may be floc- 
culated with deleterious effects because of too rapid 
addition of an alkali-cut casein or isolated protein, me- 
chanical or temperature instability of a latex, leaching 
of alum from the sheet being coated, and various other 
factors. 

Laboratory tests confirmed by actual mill operations 
indicate the difficulty of generalizing as regards opti- 
mum amounts and types of dispersants and methods 
of milling. Ideally these should be determined for each 
specific case. 

RecEIveD June 20, 1955. Presented at the Sixth Coating Conference of 


the Technical Association of the Pulp and Paper Industry, Cleveland, Ohio, 
May 23-25, 1955. 

The authors wish to express their appreciation to A. E. Jacobsen of the 
Research Dept., Titanium Division, National Lead Co., for furnishing the 
illustrations for Figs. 1-8. 


Analysis of Tupelo Woods 


LOUIS E. WISE and JOSEPHINE PICKARD 


Interest in the *‘gums”’ or tupelo woods has increased dur- 
ing the past years, because of their importance to the 
Southern pulp and paper and dissolving pulp industries. 
In the present study, representative samples of heartwood 
and sapwood of two species, Nyssa sylvatica Marsh (often 
termed black tupelo or black gum) and Nyssa aquatica L. 
(also known as water tupelo or tupelo gum), were subjected 
to summative analyses. Hitherto, no such analyses have 
been recorded. 


AN EARLY analysis of Nyssa sylvatica is given in 
the literature (/). This sample contained 28.6% lignin. 
Several partial analyses of swamp tupelo [Nyssa syl- 
vatica, var. biflora (Walt.) Sarg.] have also been made. 
G. H. Chidester (2) analyzed the wood of a shipment 


Louis E,. Wise, Research Associate, and JosppHine Pickarp, Technical 
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of swamp tupelo, Nyssa sylvatica, var. biflora (Walt.) 
Sarg. and found 29.0% lignin, 44% alpha-cellulose (the 
latter presumably isolated from the 54.39% Cross and 
Bevan cellulose). Chidester also gave data on the 
solubility of the wood in 1% NaOH, hot water, alcohol- 
benzene, and ether. Two other analyses of swamp tu- 
pelo are listed in an unpublished summary from the 
Forest Products Laboratory (3), which also included 
Chidester’s analyses. None of the analytical data are 
complete, and only in two cases were total pentosans 
determined (18.9 and 18.5%). The lignins reported 
were 26.7 and 29.5%. 

E. R. Schafer and Matti Santaholma (4) made a 
series of interesting chemical analyses on various screen 
fractions of mechanical pulps prepared from two samples 
of swamp tupelo. The analytical data fluctuated 
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widely with the individual fractions. Analyses of the 
entire pulp showed that the over-all lignin contents 
were 26.5 and 28.1%. No analyses of the original wood 
were given. Unpublished lignin analyses on the ex- 
tractive-free heartwood and sapwood of a swamp tu- 
pelo, made in 1953 at The Institute of Paper Chemistry, 
were, respectively, 28.7 and 27.0%. 

To the best of our knowledge, no analyses of water 
tupelo have appeared in the literature, but an analysis 
(made on a sample of extractive-free wood) at The 
Institute of Paper Chemistry in 1953 showed 25.8% 
lignin. It is evident from these few scattered analyses 
that the lignin content of Nyssa species is quite high. 
Apparently no summative analyses of either Nyssa 
sylvatica or N. aquatica have been made in the past. 


EXPERIMENTAL 


Logs were obtained through the courtesy of the fol- 
lowing companies to whom thanks are due: Riegel 
Carolina Corp. (Bolton, N. C.), Union Bag & Paper 
Corp. (Savannah, Ga.), Brunswick Pulp & Paper Co. 
(Brunswick, Ga.), Crossett Lumber Co. (Crossett, 
Ark.), Gaylord Container Corp. (Bogalusa, La.), Coosa 
River Newsprint Co. (Centreville, Ala.), and West 
Virginia Pulp & Paper Co. (Luke, Md.). 

In the case of each log the sapwood and heartwood 
were separated and reduced to sawdust and equal 
amounts of each type of sawdust were then combined 
and analyzed. Composite samples of Nyssa sylvatica 
were prepared from six bolts. Those from Nyssa aqua- 
tica were obtained from five different logs. Thus, the 
results shown in Tables I and II are fairly representa- 
tive of the sapwood and heartwood of either species. 
The techniques used in these analyses have been de- 
scribed previously (4, 6). 

The low summative analyses of water tupelo may be 
contingent on the difficulty of removing all extraneous 
materials from the wood by neutral solvents. 

On the extractive-free basis, the Klason lignin con- 


Table I. Summative Analysis of Tupelo Woods 
ie Black tupelo Water tupelo 
(Nyssa (Nyssa 
sylvatica aquatica 
March) L.) 
Sap- Heart- Sap- Heart- 
wood, wood, wood, wood, 
% % % % 
Ether extractives 0.44 0.54 0.95 0.88 


Alcohol-benzene extractives DAA AN AO ees OO 


Cold 50% ethanol extrac- 


tives 1.40 0.88 1.53 2.15 
Cold water extractives eA WL BY ORSOmEORZO 
Cold 70% acetone extrac- Not Not OM2e—Oe2 

tives made made 

Ash 0.65 0.86 0.90 0.71 

Acetyl 3.54 2.14 3.¢44 2.79 

Lignin 24.66 26.65 24.90 24.93 

Alpha-cellulose corrected 43.54 43.15 39.99 40.02 

for xylan 

Total pentosans calcu- 16.35 16.60 15275) 16.61 


lated as xylan, cor- 
rected for uronic an- 


hydride 
Uronie anhydride 4.49 4.98 4.39 4.59 
“CH,”’ calculated from 0.89 0.65 0.65 0.60 


methoxyl not in lig- 


nin?@ 
Total 98.67 99.18 97.45 97.74 
Auxiliary Determinations 
* Methoxyl in lignin, % 22.89 22.83 22.35 22.78 
Methoxyl in extractive- : 
free wood, % 7.96 7.85 7.58 7.54 
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Table II. Summative Analysis of Tupelo Woods 


Black tupelo Water tupelo 


(Nyssa (Nyssa 
sylvatica aquatica 
March) iD 
Sap- Heart- Sap- Heart- 
wood, wood, wood, wood, 
: % A % % 
Ether extractives? 0.44 0.54 0.95 0.88 
Alecohol-benzene extrac- 2.44 2741 4.20 4.00 
tives* 
Cold 50% ethanol extrac- 1.40 0.88 I ts} 5A) 
tives? 
Cold water extractives® 0.27 0.32 nse; O24 
Cold 70% acetone ex- Not Not O13 Pal 
tractives* made made 
Ash 0.65 0.86 0.90 0.71 
Acetyl Gy! Dee: a4) 78S) 
Lignin 24.66 26.65 24.90 24.93 
Alpha-cellulose?® 44.35 44.11 40.70 40.72 
Hemicellulose A LOLO2Z Re 19e38 17.46 17.62 


Hemicellulose B Scat) 2785 3.00 3.48 
Total 100.12 100.14 97.83 97.74 


* Successive extractions. 
> Fibrous residue after removal of hemicellulose A (with 5% KOH) and 
hemicellulose B (with 16% KOH). 


tents of all four wood samples are higher than are those 
of most of our native hardwoods. Inasmuch as the 
methoxyl content of any of these lignins is well above 
22%, it is not surprising that the methoxyl content of 
the extractive-free tupelo woods is also exceptionally 
high. This is above 7.50% and well beyond the range 
of any of our other common hardwoods. Actually it 
tops the methoxy] value of nearly all the tropical angio- 
sperms analyzed at The Institute of Paper Chemistry. 

In every case, about | gram of the mixed extractive- 
free sawdust was refluxed gently for 7 hr. with 2% 
H.SO,, filtered, cooled, and titrated to about pH 4 with 
aqueous barium hydroxide (using a pH meter). The 
acid mixture was filtered and then passed through a 
column of IR-120 resin. The resulting aqueous solu- 
tion was concentrated in vacuo to a syrup. In each of 
the four syrups, the mixture was subjected to paper 
chromatographic separation for 30 hr. using pyridine- 
butanol-water (10:3:3) as the mobile solvent, drying 
at room temperature, and then treating further for 24 
hr. with a solvent consisting of ethyl acetate-acetic 
acid-water (9:2:2), air drying, and finally spraying 
with p-anisidine hydrochloride. All four paper chro- 
matograms were quite similar. In each case there was 
a great preponderance of xylose. There were also 
appreciable amounts of glucose, galactose, mannose, 
and arabinose, and apparently slight traces of rham- 
nose. Appreciable amounts of an aldobiuronic acid 
[moving at the same rate as 2-a-(4-O-methyl-p-glu- 
curonosyl)-p-xylose] were found and other uronic acids 
were also present. No other identification of the 
sugars or uronic acids were made. 

Work on the tupelo woods is being continued. 
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A New Replica Technique for Making Electron 
Micrographs of Surfaces of Paper Sheets 


JOSEPH J. COMER, HAROLD W. STETSON, and S. C, LYONS 


A replica technique which makes possible the electron 
microscope study of uncoated or coated paper sheets is 
described. The method consists essentially of preshadow- 
ing the paper with platinum, backing the platinum with 
a film of evaporated carbon, and then dissolving the paper 


and its coating. The application of this technique to 


kaolinite coated papers substantiated the conclusions of. 


Woodward and Lyons that the gloss developed by coatings 
utilizing the finer fractions of kaolinite is caused by pre- 
ferred*orientation of the particles parallel to the surface 
of the coating. Papers coated with titanium dioxide, 
calcium carbonate and zine oxide were also examined by 
this technique and each is shown to have a characteristic 
structure. The method may also be of value in studying 
ink receptivity of various coatings, and in studying ad- 
hesives and sizings at the coating surface. 


Tur best light photomicrographs fail almost 
completely to reveal the nature and details of the indi- 
vidual pigment particles because the maximum useful 
magnification is too low. In this connection it should 
be noted that there are about 500,000,000 individual 
particles of Premax coating clay per square inch in the 
first layer of a sheet of paper coated with it. Electron 
micrographs have shown that kaolin particles under 2 
mu in diameter exist as thin hexagonal plates with a 
thickness approximately '/:) of the equivalent circular 
diameter of the crystal. Woodward and Lyons (/) in 
a study of particle shape versus particle size of kaolin- 
ite greater than, 2 mu found that the larger particles 
consist mainly of aggregates of the single crystals, re- 
sembling stacked poker chips. Titanium dioxide 
(commercial pigment) is in the form of very fine, 
rounded units. Precipitated calcium carbonate con- 
sists of rhombic crystals of calcite with large agglomer- 
ates, and zinc oxide has been shown to be mainly acic- 
ular and columnar in shape. 

From electron microscope studies of various size 
fractions of kaolin in the dispersed state, Woodward 
and Lyons theorized that fine particle-size clays develop 
their characteristic high gloss and opacity by virtue of 
the fact that they consist predominantly of flat plates 
which settle from the coating color in a position parallel 
to the paper web. Conversely, it was postulated by 
these authors that the more nearly equidimensional 
“stacks” associated with the greater-than-2-mu frac- 
tion assume a more random orientation and hence do 
not develop as much gloss because the edges of the com- 
posite plates are often normal to the coating surface 
and cause scattering of the incident light. 

Nevertheless, it was not possible to study by electron 
microscopy the surface of a coated sheet in order to con- 


Josrpu J. Compr, Assistant Professor of Mineral Sciences; HARroLp W. Srrr- 
son, Research Assistant, Mineral Constitution Laboratories, The Penn- 
sylvania State University, University Park, Pa.; and 8S. C. Lyons, Technical 
Director, Georgia Kaolin Co., Dry Branch, Ga. 
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firm the hypothesis mentioned above prior to the de- 
velopment of the replica technique about to be de- 
scribed. 

For the benefit of those who may not be familiar 
with the principles and limitations of electron micros- 
copy it may be appropriate to discuss the matter 
briefly before describing the technique. 

Contrast in an electron microscope image depends 
upon scattering of electrons by the specimen, creating 
differences in the number of electrons passing through 
various parts of the specimen. These differences in 
transmission depend in turn upon the thickness of the 
specimen, its density, and its composition. Because of 
the low penetrating power of the electron beam, the 
specimen must be very thin, of 0.2 mu or less in thick- 
ness, in order for detail to be seen. Thus, the only 
method for examining the surface of solids such as 
paper, glass, metals, and clays is to make a replica of 
that surface. The replica can be a plastic film pre- 
pared on the surface in the desired thickness so as to 
follow the contours of the surface. It can be stripped 
from the surface and examined in the electron micro- 
scope. Differences in the thickness of the plastic, cor- 
responding to elevations or depressions in the specimen, 
control the number of electrons passing through the 
various areas and show the topography of the specimen. 
In order to increase contrast, the sample is shadow-cast 
with a thin film of metal deposited at a known angle by 
means of vacuum evaporation. The ‘‘shadows”’ cast 
by elevated areas of the specimen appear light on the 
micrographs. A detailed discussion of the shadow- 
casting technique is included in a paper by Williams 
and Backus (2). 


Fig. 1. 


Surface of uncoated paper; 
replica 


preshadowed silica 


The replica may also be formed by evaporating silica 
(silicon dioxide) or silicon monoxide onto the surface of 
the specimen and then dissolving the specimen. Such 
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replicas proved to be quite satisfactory for uncoated 
paper (Fig. 1). However, neither this replica tech- 
nique nor the plastic replica technique could be applied 
to the study of coated paper because of the porosity of 
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Steps in the preparation of preshadowed carbon 
replicas of paper surfaces 


Fig. 2. 


the sample and the necessity of using hydrofluoric acid 
to dissolve the clay coating. 


A NEW REPLICA TECHNIQUE FOR COATED PAPER 


The technique which proved satisfactory was a 
modification of a replica method developed for the 
study of bulk clays by Comer and Turley (3) and used 
by Bates and Comer (4) to study various bulk clays. 


Fig. 3. 


Fine particle coating clay dispersed on collodion 
substrate 


Figure 2 shows the main steps in the preparation of 
the replica. The specimen may be about '/> in. square, 
mounted on a glass slide. A film of platinum, approxi- 
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mately 5 to 10 A in thickness, is deposited on the speci- 
men by high-vacuum evaporation. The angle of in- 
cidence may be varied. Angles of 10 to 20° help to 
show very fine structure while angles of about 45° will 
be suitable for coarser surfaces. If desired, a second 


Fig. 4. Surface of paper with fine-particle coating clay; 


preshadowed carbon replica 


shadowing film may be applied at a different angle of 
incidence in a different direction from the first. Next 
the specimen is coated with an evaporated film of car- 
bon by striking an are in vacuum between two carbon 
rods using the method described by Bradley (5). The 
thickness is determined by trial and controlled roughly 
by observing the color of the deposited film on a glass 
slide. In most cases films about 100 A thick are suit- 
able. 

The specimen is embedded in a disk of polystyrene 
about 1 in. in diameter and 1 to 2 mm. in thickness. 
These are formed by heating polystyrene granules on a 
glass slide placed on a hot plate. A second slide is 
placed over the top and pressure is applied to squeeze 


Surface of page from “‘slick’? magazine; 
shadowed carbon replica 


pre- 


the softened plastic into a disk of the desired diameter. 
After cooling, the top slide is removed and the disk on 
the bottom slide is again heated on a hot plate until 
soft. The paper is placed on the disk with the replica 
side in contact. Using another glass slide on top of 
the paper, pressure is applied to obtain intimate con- 
tact between the replica and the plastic. Care must be 
exercised to avoid pressing the paper itself into the 
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plastic. Upon cooling the disk can be separated from 
the slides. Inspection through the disk will indicate 
if good contact has been achieved. 

After the paper has been embedded in the polystyrene 
the exact treatment will depend on the nature of the 


Ty 


" 
Fig. 6. Greater-than-2-mu fraction of kaolinite dispersed 
% on collodion substrate 


pigment and the type of sizing used. The following 
series of steps has been found effective for the limited 
number of papers which have been examined. 


Treatment to Remove Sizing 


The polystyrene disk is placed in warm 5 to 10% 
NaOH for an hour or two. For a stubborn case of 
starch or gelatin a solution of an enzyme such as pepsin 
or Taka-Diastase should prove effective, although this 
treatment has not yet been found to be necessary. 


Removal of Paper 


Once the sizing agent has been dissolved, the paper 
web may usually be peeled from the disk with no dif- 
ficulty. In the event of thin coatings or no coating at 
all, where the actual fibers are in contact with the rep- 


Surface of paper hand-coated with greater-than-2- 
micron kaolinite; preshadowed carbon replica 


Fig. 7. 


lica, the paper will not peel off but must be removed 
by solution in concentrated sulphuric acid. This will 
be accelerated if most of the paper not in immediate 
contact with the plastic is removed with tweezers after 
the sizing has been dissolved. 


Removal of Pigment 


After the paper is removed, the pigment may be dis- 
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solved in a suitable solvent. For example, clay and 
titanium dioxide are soluble in hydrofluoric acid, while 
zine oxide and calcium carbonate will dissolve in sul- 
phuric acid. 

The polystyrene disk is now washed in distilled water 
and allowed to dry thoroughly. The replica is scored 
into 1/s-in. squares which are floated off in ethylene 
dichloride. By means of an eye dropper the squares 


Fig. 8. Precipitated calcium carbonate dispersed on a 


collodion substrate 


are placed in fresh ethylene dichloride for washing and 
then caught on the usual copper screens for observa- 
tion in the microscope. ‘This last step is the same as 
that employed in the removal of silica films in the poly- 
styrene-silica replica technique (6). 


Results of Replica Studies 


The series of electron micrographs shown in this 
article represent surfaces of sheets coated with various 
pigments commonly used in the coating of paper. These 
will include fine-particle (high gloss) coating clays, 
medium fine coating clays, caletum carbonate (precipi- 
tated), commercial titanium dioxide papermaking pig- 
ment, and zine oxide. In each case a micrograph of a 


Fig. 9. Surface of paper hand-coated with precipitated 
calcium carbonate; preshadowed carbon replica 


dispersion of the pigment itself is included to enable a 
comparison with the pigment as it appears on the sur- 
face of the paper. 

The first of these is a commercial sheet coated with 
one of the finest commercial clays of small particle size. 
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Figure 3 shows a dispersion of the clay, while in Fig. 4 
the actual coating on paper is seen. It should be noted 
that the earlier predictions regarding formation of an 
overlapping ‘“‘fishscale’’ pigment structure are con- 


firmed. Further indications of this structure are seen 


in Fig. 5 showing the surface of a page removed from 
one of the many “slick” type magazines on the market. 
In examining the greater-than-2-mu fraction, Fig. 6, 
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Commercial titanium dioxide dispersed on 
collodion substrate 


of the kaolin prepared by dispersion techniques, a 
profound difference is seen in the thickness. The 
stacked plates form a particle which is essentially equi- 
dimensional. Figure 7 shows the appearance of a sheet 
hand-coated with these particles. Note the absence 
of the overlapping structure and instead the much 
coarser surface produced by particles showing a more 
random orientation. Itis of especial importance to note 
the stack lying edgewise showing clearly the laminated 
structure characteristic of the coarser-than-2-micron 
particles. Particles showing this orientation were 
found throughout the surface of the entire sheet of 
paper. 

It will hardly be necessary to enlarge upon the reason 
why the “self-orientating’’ minute (<2 mu diameter) 


Fig. 11. Surface of paper hand-coated with commercial 
titanium dioxide; preshadowed carbon replica 


platy clay particles yield very glossy sheets, even with a 


* minimum of calendering. 


The reasons why these platy particles produce very 
opaque coatings are likewise apparent. Single hexag- 
onal platy crystals of kaolinite seldom are found larger 
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than about 2 mu in diameter and their thickness is only 
about 0.2 mu. At the same time, even an 8 lb. (per 
ream) coating is about 10 to 15 mu thick, which 
means that 20 or 30 overlapped clay plates can be 
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Fig. 12. Zine oxide dispersed on a collodion substrate 


embodied in orientation parallel to the paper web within 
the cross section of the coating film. 

A simple demonstration of this principle may be had 
by wrapping tightly around a black object (such as a 
pen holder) about 20 turns of a thin, clean, cellophane 
tape. The opacity of the multilayer winding will be 
such that the pen holder cannot be seen through it. 
On the other hand, a single strip of cellophane as thick 
as the multilayer roll will be quite transparent. 

This also explains why high adhesive ratios usually 
reduce opacity, because they tend to fill the interfacial 
voids between the plates, thereby displacing the air 
between them (refractive index 1.0) with starch or 
casein whose index is much more nearly equal to that of 
the clay particles (1.56). 

It is further easily seen why the fine-particle clays 


Fig. 13. Surface of paper hand-coated with zine oxide; 


preshadowed carbon replica 


yield coatings which produce gloss-ink effects and good 
varnish holdup. Comparison of the ‘knurled’ or 
“embossed” surface of the sheet coated with the tiny 
rhombohedral crystals of calcium carbonate (calcite) 
will, it is believed, suggest a more porous and ink 
receptive surface. The same is true of the zinc oxide, 
and the coarser clay, and to a lesser degree the tita- 
nium dioxide. 
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MICROGRAPHS OF COATINGS WITH TITANIUM 
DIOXIDE, CALCIUM CARBONATE, AND ZINC OXIDE 


Figure 8 shows the pigment calcium carbonate. 
Figure 9 shows the surface of a sheet hand-coated with 


Fig..14. Ink distribution on printed sheet of kaolinite- 
oated paper; preshadowed carbon replica 
x 


this pigment. The typical rhombic crystal form of 
calcite can be seen more clearly than in the dispersed 
pigment. 

Figure 10 shows a dispersion of commercial titanium 
dioxide. These clusters of rounded particles are typical 
of this material. Figure 11 shows a sheet hand-coated 
with this pigment. The rounded units are clearly 
evident. The smooth area to the left shows the pig- 
ment particles completely covered by the matrix ma- 
terial leaving only a suggestion of their presence. This 
is in sharp contrast to the appearance of the kaolin 
coatings where the individual particles are sharply 
outlined. 

In Fig. 12 is shown a dispersion of the zine oxide 
particles. Note both the needle formation, or acicular 
shape, as well as the columnar-type particles. In 


Ink distribution on printed sheet of kaolinite- 
coated paper; preshadowed carbon replica 


Fig. 13, showing a coating, the same crystalline forms 
are clearly seen. This micrograph should make it clear 
why such coatings are of low gloss and high ink re- 
ceptivity. 


DISTRIBUTION OF INK AT THE SURFACE 


The last two figures will indicate how ink receptivity 
might possibly be studied by this technique. The 
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particles of carbon black or lamp black are retained by 
the replica and appear as dark specks. Where the 
particles have been lost their outline is shown by the 
replica. Note in Figs. 14 and 15 the absence of the 
ink on the surface of the single large particle in this field. 
Because of the unusually large size and irregular shape 
particle a guess would be that it is mica. In any case 
of this the ink apparently does not wet the surface of 
this material as it does the kaolin. 


FURTHER STUDIES 


Present studies have been so revealing that they have 
suggested as many questions as they have answered. 
Therefore, further studies somewhat along the same 
lines are planned. 

For example, replicas of cross sections of coated sheets 
may reveal interesting structural details and/or the 
distribution of adhesive, as between the coating film 
and the web. 

Further studies are planned in an effort to resolve, 
with greater detail and certainty, the location of the 
adhesive and the nature of its interfacial relationship 
with the pigment particles. In other words, is it 
absent from the faces of the kaolin particles; does the 
ink take to the clay preferentially, etc.? 

Micrographs of sheets, before and after calendering, 
should throw light upon what happens to the surface 
of sheets (when coated with different pigments) upon 
supercalendering. 

The present series of micrographs were prepared from 
sheets which had been coated with a single pigment, but 
it may be instructive to study coatings prepared from 
mixed pigments, for example, fine-particle clay plus 
titanium dioxide, ete. 


SUMMARY 


The explanation for the mechanism of gloss develop- 
ment in clay-coated paper sheets previously postulated 
by Woodward and Lyons has been confirmed. In ad- 
dition it is felt that the technique adequately fills the 
need for a reliable method of examining the surfaces of 
paper and other porous materials at high magnification 
and permits one to study, for example: (1) pigment 
distribution and size at the surface; (2) ink receptivity; 
(3) other mineral distribution and size; (4) matrix 
coating of the pigment. 

Knowledge of these should be of great value to the 
paper coater who wishes to use the technique for quality 
control or improvement of his product. 
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Brightness Reversion of Bleached Kraft Pulps 


SAMUEL M. ROLLINSON 


A study was made of the brightness reversion, or yellowing, 
which occurs when bleached kraft pulps are heated. The 
pulps used were all prepared from slash pine kraft pulp by 
a bleaching sequence of chlorination, caustic extraction, 
calcium hypochlorite oxidation, caustic extraction, and 
calcium hypochlorite oxidation. Extensive washing, thor- 
ough caustic extraction, and the maintenance of high pH 
during the hypochlorite stages were all found to reduce 
reversion. The yellowing tendency of a fines fraction 
(average fiber length 0.7 mm.) was shown to be only 70% 
that of the unfractionated pulp (average fiber length 2.4 
mm.). The presence of added iron was found to increase 
the extent of brightness reversion, but attempts to in- 
crease color stability by the removal of the iron normally 
present in pulp with Versene (an organic chelating agent) 
or by hydrochloric acid extraction were unsuccessful. 


BRIGHTNEsS is defined as the reflectivity of a 
sheet of pulp or paper for blue light measured under 
standardized conditions. It is well known that the 
brightness of bleached pulps is not permanent and that 
brightness reversion (fading, yellowing, color recession) 
is accelerated by exposure to light, heat, chemicals, 
and high humidities. Many statements concerning 
the causes of brightness reversion have been advanced 
largely on the basis of qualitative observations. How- 
ever, this phenomenon has not been studied extensively, 
as have some of the other phases of pulp and paper 
technology. 

Brightness reversion is relatively important com- 
mercially for several different but related reasons. 
Disputes naturally arise between the parties involved 
in the sale of a pulp if the brightness of that pulp de- 
creases in transit. This is the only chemical or physi- 
cal property of pulp which can change significantly 
under the conditions, and within the relatively short 
time interval involved during shipment. The yellow- 
ing or fading of pulp directly counteracts the results of 
the expensive bleaching operations. Since the bleach- 
ing cost per unit brightness increases rapidly as higher 
brightness values are attained, even a slight amount of 
yellowing of very bright pulps is disheartening to the 
producer. Perhaps the most important economic as- 
pect of this subject lies in the relationship of color sta- 
bility to the creation of new markets for bleached wood 
pulps. Only in recent years, as bleaching has been 
more thoroughly developed, have bleached wood pulps 
been able to compete successfully with rag or cotton 
pulps for end uses requiring a high degree of strength 
and color permanence. 

Prior to the studies of Tongren (/), work done on the 
problem of brightness reversion was largely of a quali- 
tative nature. A few of the papers since that time on 
this subject are reviewed briefly in the following para- 
graphs. 

Tongren (/) made a study of the accelerated discolora- 
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tion of both unsized and rosin sized sulphite papers. 
Rosin sizing was shown to effect a significant increase 
in the extent of yellowing. From the data obtained, 
Tongren concluded that the Kubelka and Munk num- 
ber, k/s, is linearly related to the square root of aging 
time; therefore, the rate of discoloration was expressed 
as the slope of this curve. Removal of the natural 
resins of pulp was shown to decrease the reversion rate 
slightly. Purification of sulphite pulp by caustic ex- 
traction was found to greatly increase color stability. 
At 100°C, and above 25% R.H., increasing humidity 
was shown to increase the aging rate linearly. 

McIntyre (2) found that the accelerated rate of dis- 
coloration versus the humidity curve for a particular 
bleached Mitscherlich pulp had a minimum point at 
about 20% R.H. Several other pulps did not show 
this minimum rate; thus, relative humidity does not 
exert a proportional effect on the reversion rates of dif- 
ferent types of pulp. It was postulated, but not proved 
that accelerated aging would most nearly parallel nat- 
ural aging if a normal amount of moisture was main- 
tained in the sheet. Accordingly, 95°C. and 55.4% 
R.H. were adopted as standard aging conditions. Heat 
in the presence of excess moisture, a condition which 
exists during the machine drying of pulp and paper, 
was found to increase color stability. Prolonged wet 
storage was shown to decrease the accelerated aging 
rate, while dry storage was without effect. 

In a study of the brightness reversion of sulphite 
papers Giertz (3) showed that extractable resin is of 
secondary importance and presumably of even less im- 
portance in sulphate pulps due to the smaller quantities 
present. On the basis of experimental data Giertz be- 
lieves yellowing is not due to lignin. He showed that 
a linear relationship exists between the product of cop- 
per number and carboxyl content, and the reversion 
rate and stated that oxidative attack resulting from 
the maintenance of a low pH during hypochlorite bleach- 
ing decreases color stability. Giertz found in one in- 
stance that the short pulp fibers, or fines, had a lower 
color stability than the long fibers of a bleached sulphite 
pulp. 

The problem of brightness reversion is still unsolved. 
It is impossible for one investigator to study all facets 
of this problem due to the diversity of variables. For 
this reason the present study has been limited to a 
single type bleached slash pine kraft pulp prepared by 
conventional methods. This choice was based on the 
rapid growth of the bleached kraft pulp industry in 
the south. It has been stated that these pulps show a 
greater yellowing tendency than sulphite pulps. This 
statement is, of course, difficult to evaluate properly 
without data representative of these pulps, and no 
attempt has been made in this study to determine the 
differences (if any) in the reversion characteristics of 
these two major bleached chemical wood pulps. 
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Until recently nearly all of the bleached kraft pulp 
in this country has been produced by a conventional 
five-stage system utilizing an acid chlorination, a so- 
dium hydroxide extraction, an alkaline calcium hypo- 
chlorite bleach, another caustic extraction, and another 
calcium hypochlorite bleach in that order. Today, 
chlorites, chlorine dioxide, and peroxides are being used 
to supplement or replace calcium hypochlorite for 
bleaching since they give pulps of higher original bright- 
ness, greater strength, and greater color stability. How- 
ever, the bleaching effect obtained with these agents is 
more expensive than that obtained by the customary 
calcium hypochlorite, and in this study primary con- 
sideration has been given the conventional five-stage 
bleach. 

Only brightness reversion accelerated by heat was 
studied in this work. McIntyre found that the correla- 
tion between such yellowing and that occurring on 
natural aging is poor (2), but since heat is used in proc- 
essing pulps and papers, in drying, sterilization, and 
various conversion methods, such a study is well 
justified. ™ 


STANDARD METHODS AND MATERIALS 
Unbleached Pulp 


All experimental work was conducted with a single 
lot of unbleached slash pine kraft pulp which was pre- 
pared in a laboratory digester under conditions similar 
to those used in commercial practice. 


Bleaching Chemicals 


Only c.p. chemicals were used in all bleaches to pre- 
vent the introduction of iron or other contaminants. 
Calcium hypochlorite solution was prepared from 
chlorine water and calcium hydroxide immediately be- 
fore using; any undissolved calcium hydroxide was re- 
moved by filtration. The total available chlorine con- 
centrations of all bleach liquors were determined by 
TAPPI Standard T 611 m-47. 


Bleaching 


High Consistency. In order to prepare 750 to 1500 
grams of bleached pulp, the bleaching stages were con- 
ducted under the following conditions, which are simi- 
lar to those used commercially. These conditions be- 
came the standard after experimental work demon- 
strated that they would result in an 80 to 85% G.E. 
brightness pulp. 

The chlorination was carried out in a rubber-lined 
vessel fitted with a draft tube and a stainless steel pro- 
peller for agitation. Chlorine was added in the form of 
freshly prepared chlorine water, the concentration of 
which was determined by titration. At the conclusion 
of the chlorination the pulp was washed on a cloth drain 
box until the washings were neutral and free of chlorine. 

The caustic extraction was conducted in a Pfaudler 
glass-lined mixer heated by water circulating through 
a jacket. The pulp and caustic solution were mixed 
thoroughly at the beginning of the extraction stage and 
were stirred frequently. This stage was concluded by 
washing the pulp on a cloth drain box until the wash- 
ings were essentially colorless and at the same pH as 
the wash water. The tap water used for high-consist- 
ency bleaching had a pH value of about 9. 
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Earthenware crocks heated in a constant tempera- 
ture bath were used for the hypochlorite stage. The 
pulp slurry was stirred manually. The pH was checked 
frequently with a Beckman glass electrode pH meter 
and was maintained at 9.5 to 8.5 by the addition of 
small amounts of sodium hydroxide solution. At the 
conclusion of the hypochlorite stage the pulp was 
washed for about 45 min. on a cloth drain box with a 
water flow rate of 5 to 10 g.p.m. It was then soaked 
overnight at 1% consistency, and the bleaching sequence 
was continued on the next day. 


Table I. Conditions for High-Consistency Bleaching 
Chemi- 
cal 
added 
(pulp Consist- Temper- 
basis), ency, ature, Time, 
Treatment % % Kor min. pH 
Chlorination 
6.00 3.0) 7B ss 7 60 
Caustic extrac- 
tion (E) 2.50 OKO G0) se & 60 
Calcium hypo- 
chlorite (H) 1.50% AO 20) SS 05 PH) G8). 
Caustic extrac- 
tion (E) 0.75 1O.@ 0 ss 6 120 
Caldium hypo- 
chlorite (H) 0.502 5.0 40 = 0.5 2409) 985—3r5 


4 Expressed as chlorine. 


The second caustic extraction stage was carried out 
in the same manner as the first extraction, and the sec- 
ond hypochlorite stage was also similar to the first. 
After the CEHEH pulp had been soaked at 1% con- 
sistency overnight, it was again washed thoroughly, 
filtered on a Buchner funnel, and stored at 25 to 35% 
consistency in polyethylene bags at 9°C. 

Low Consistency. For the preparation of 10 to 20 
grams of pulp the bleaching stages were conducted at 
1% consistency. This low consistency was necessary 
for the efficient handling and agitation of these small 
quantities of pulp. The conditions shown in Table IL 
were maintained. 


Table II. Conditions for Low-Consistency Bleaching 
Chemi- 
cal 
added 
(pulp — Consist- Temper- 
basis) ency, ature, Time 
Treatment J, % 2 8 min. pH 
Chlorination 
Go) 00) AB} ce 60 
Caustic extrac- 
tion (E) 2520 LAO) Se OLS 60 9.5-8.5 
Calcium hypo- 
chlorite (H) 10! WO) 4) se Oe BAC 
Caustic extrac- 
tion (E) C285 U.00 0 se 0,5 30 369. 8-8.9 
Calcium hypo- 
chlorite (H) Oe 100) 240 se OS Bao) 


“ Expressed as chlorine. 


The percentage sodium hydroxide used in the caustic 
extraction stages of the low-consistency bleaches was 
increased over that for the high-consistency bleaches 
in order to give the same concentration of caustic in 
solution in both cases. No adjustment was made for 
the concentration of calcium hypochlorite in the low- 
consistency bleaches and this resulted in slightly lower 
chlorine consumption. 
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version is expressed as Ak/s by 104. 
between reflectivity and k/s developed by Kubelka and 


All stages were conducted in 2-liter brown-glass stock 
bottles. Continuous agitation was maintained for 
thorough mixing but at a slow rate to prevent “beat- 
ing”’ of the fibers. The reaction bottles were immersed 


in a constant temperature bath for temperature con- 
trol. 


At the conclusion of each reaction stage the pulp was 
filtered and washed thoroughly with distilled water. 
During the hypochlorite stages the pH was maintained 
at 9.5 to 8.5 by the addition of small amounts of sodium 
hydroxide solution. After a thorough washing follow- 


rg ing the second hypochlorite stage, the pulp was soaked 


in water overnight at 1% consistency; it was then again 
washed thoroughly, diluted to 0.1% consistency, and 
made into brightness handsheets. 


Sheet Formation 


Brightness sheets were prepared according to TAPPI 
Standard T 218 m-48 with the following modifications: 
The pulp slurry was filtered on three sheets of 15-cm. 
filter paper instead of one to prevent the brightness 
sheet from conforming to the holes in the Buchner 
funnel. After pressing 5 min. at 50 p.s.i., the three 
sheets of 15-cm. filter paper were replaced with one 
sheet of 18.5-cm. filter paper, and the sheets were again 
pressed at 50 p.s.i. for 1 min. After air drying for 
3 to 4 hr, each sheet was cut into four 2-in. squares 
and a '/,-in. hole was punched on one side so that each 
square could be suspended from a glass rod. The 
squares were then evenly spaced along the rod and 
placed approximately in the center of the aging oven. 


Accelerated Aging 


For the accelerated aging of the brightness sheets a 
CENCO electric oven was used which was cylindrical, 
15 in. in diameter by 12 in. deep. The oven tempera- 
ture cycled over a 2°C. range at 100°C. and completed 
a cycle in approximately 5 min. 

Air was passed through a preheater composed of 
5-mm. glass tubing wound witb nichrome wire and as- 
bestos insulation before it entered the oven. By ad- 
justing a voltage regulator the air could be preheated to 
any desired temperature. This prohibited moisture 
condensation during aging runs made at various rela- 
tive humidities. To obtain a relative humidity of ap- 
proximately 0%, the air was first passed through a 
tube filled with anhydrous calcium chloride; for other 
humidities a saturator was used. 

Unless otherwise specified, all accelerated aging was 
carried out at 100°C. and essentially 0% R.H. for 2 hr. 


Reflectance Measurements 


All brightness measurements were made by means 
of a General Electric reflection meter which was in 
agreement with the master instrument located at The 
Institute of Paper Chemistry. A pad of 16 squares 
was used for each brightness value, and one reading 
was made for each sheet. The procedure differed from 
TAPPI Standard T 452 m-48 only in the number of 
readings made. 


_. Determination of Reversion Rate 


The numerical value of the extent of brightness re- 
The relationship 
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Munk has been presented by Steele (4). This relation- 


ship 1s: 
k/s = (1 — Be )2/2R. 
k = the absorption coefficient of the sheet 
s = the scattering coefficient of the sheet 
R. = the reflectivity of the pad of paper expressed decimally 


against magnesium carbonate considered as 0.98. 


Tongren (/) found that the number s is considered to 
be nearly constant throughout the course of aging, so 
that the change in k/s, Ak/s, expressed the change in 
the light absorption capacity of the sheet. 

In their studies of the brightness reversion of sulphite 
pulps, Tongren (1) and McIntyre (2) expressed the rate 
of reversion as the slope of the graph of k/s versus the 
square root of the aging time since this relationship was 
nearly linear. In this paper the measure of discolora- 
tion is not expressed in this manner since the relation- 
ship was found to be nonlinear for the aging conditions 
used. The standard reversion is expressed as the in- 
crease in k/s, Ak/s, for an aging time of 2 hr. at 100°C. 
and 0% R.H. 


EXPERIMENTAL RESULTS AND DISCUSSION 
Preparation of Unbleached Pulp 


In order to have a uniform pulp supply of known 
history, a single lot of approximately 50 lb. of an un- 
bleached kraft pulp was prepared in the following 
manner: 

One hundred and five pounds (oven-dry basis) of 
‘/,-in. slash pine chips were pulped in an A. O. Smith 
stainless-steel-lined tumbling digester under the con- 
ditions, and with the results, given below. 


Table HI. Pulping Data 


CSE CONG Fe seciie akios dea: coe ag Anan ee 47.5 
TI CIOT YAW. O Gara. 0 spanner 4.5 
Active alkali NaOH + NaS (as NavO), %......... 20 
Sulphidity Na,sS/NaOH + NaS allas NasO, %.... 20 
Maximum temperature (false pressure relieved at 

LOO Ci Oe ees grote caer ae esti ae Aa een 170 
Time to maximum temperature, hr................ 2 
Time at maximum temperature, hr... <........... 2 
Pressure at blowdown, p.s.i............... Se SU) 
Screenings Ue ett een es See ee ee 0.18 
Rermanganate sui) Cr jee nren ee ibe 
igninecontent,<oan eon ee ee ee 4.2 
OrioimaonightMes sia Cree e/a 22.3 


The pulping conditions and analytical constants al] 
show the product to be a typical, bleachable grade of 
slash pine kraft pulp, hence suitable for this study. 
The screened, unbleached pulp was stored at 30 te 35% 
consistency in polyethylene bags in a room held at about 
9°C. 


Reproducibility of Brightness and Reversion Rate Data 


The reproducibility of brightness and reversion rate 
data was determined to ascertain the number of repli- 
cate bleaches and brightness readings necessary to ob- 
tain reliable data. 

It was shown by application of student’s ‘‘t’’ distri- 
bution (4) that for 16 readings of individual brightness 
tabs of a pulp in the 80 to 85% G.E. brightness range, 
the 80% confidence interval was +0.09 and the 95% 
confidence interval was +0.18. 
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Some attention was given to the effect of bleaching 
variables on original brightness and brightness rever- 
sion in the low-consistency bleaches, and therefore the 
reproducibility of this type data was determined before 
proceeding with studies of bleaching variables. 

A series of nine low-consistency bleaches was made 
with three bleaches run per day on three consecutive 


The kraft pulps were prepared by common chlo- 
rination, first caustic extraction, and first hypochlorite- 
stages of 750 grams pulp. The pulp was then divided 
into three equal portions and second caustic extractions 
of 0, 1, and 4 hr. were conducted before the final hypo- 
chlorite stage. The data for these bleaches (170-A, 
170-B, 170-C) are given in Table XIII. 

Handsheets prepared from these five pulps were aged 


days. A summary of these bleaches is given in Table pu 
TV. simultaneously for 2-hr. periods at 100°C. and relative 
Table IV. Reproducibility of Laboratory Bleaching 
La Ses SS A Group B Group C—— 
Average Average Average 
Pulp no. 149 150 : 151 149-151 152 153 154 152-154 155 156 157 155-157 
Chlorine consumed, 
Chiormation 4.72 4.75 4.82 4.76 4.84 4.87 4.83 4.85 4.84 4.69 4.75 4.76 
1st hypochlorite 123 1.19 LAS 1.20 1.18 1.18 1.18 1.18 1.16 lek 1.18 Ly 
2nd hypochlorite 0.26 0.25 0.26 0.26 0.28 0.28 0.28 0.28 0.26 0.27 0.27 0.27 
Total 6.21 6.20 6.26 6.22 6.30 6.23 6.29 6.27 6.26 6.13 6.20 6.20 
Original brightness, | k 
> SE. S02 mES02) 80) tae 8012 $0.6.  SIL2u Sieben este! 82. 82.3... 181 eam 
Ak/s X 10€ 303 300 307 303 Dom 264 243 254 250 201 272 264 
Standard points 2 b, 
brightness drop 8.4 8.5 . 8.5 7.4 7.8 7.4 i es 8.4 8.4 8.1 


For bleaches made simultaneously the original bright- 
ness values agree within several tenths of a point and 
there is a spread of less than 8% of the Ak/s by 104 
value. However, the average reversion values for 
bleaches conducted on different days had a maximum 
spread of 18%; consequently, for all work in which 
bleaching or processing variables were studied, dupli- 
cate bleaches were made for each condition, and the var- 
ious bleaches in a given set were made simultaneously. 


Effect of Temperature and Humidity During Accelerated 
Aging 

McIntyre (2) suggested that accelerated aging should 
be conducted at 95°C. and 55% R.H. to obtain the best 
possible correlation with natural yellowing since the 
handsheets retain a normal amount of moisture under 
these conditions. 


Table V. Ratios of Reversion Rates of Three Kraft Pulps 


Teale ee 


170-A 170-B 170-C 
0 100% 67% 59% 
8.5 100 69 58 
22.6 100 67 54 
Ba oS 100 68 56 
68 .2 100 68 60 
Average Ge a= | Nf se 2 


In this work the effects of temperature and humidity 
on the reversion rates of bleached kraft pulps were de- 
termined in order: (1) to detect similarities or dissimi- 
larities in the comparative yellowing rates of bleached 
kraft pulps and bleached sulphite pulps, and (2) to 
ascertain the possible advantages of determining ac- 
celerated reversion at any particular relative humidity. 

Five bleached pulps were used—three laboratory- 
prepared kraft pulps, a commercial Mitscherlich spruce 
pulp, and a commercial sulphite mixed hemlock and 
spruce pulp with original brightness values of 81.6, 
84.3, 84.5, 80.5, and 87.0, respectively. 
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humidities from 0 to 68%. The reversion data for 

these pulps are presented in graphical form in Fig. 1. 
If the data for bleached slash pine kraft pulps 170-B 

and 170-C are recalculated as percentages of the rever- 


B -1 BLEACHED SLASH PINE 


A — (LABORATORY PREPARED 
C —- KRAFT PULPS 


500 M — COMMERCIAL BLEACHED 
MITSCHERLICH PULP 
S — COMMERCIAL BLEACHED 


SULFITE PULP 


Tt 
° 

300 
bad 
a 
= 
q 

200 

100 

(0) 

O 10 20 30 40 50 60 70 
RELATIVE HUMIDITY ae DE 
Fig. 1. Pulps aged at 100°C. for 2 hr. at various relative 


humidities 


sion rate of pulp 170-A, assuming it to be 100% for all 
humidity intervals, it can be seen from Table V that 
these percentages are constant throughout the humidity 
range studied. 
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_ solving out after the 6-day period. 


This fact is significant since it shows that there can 
be no possibility of better correlation with natural aging 
on aging at any particular relative humidity since the 
pulps are rated in an identical manner throughout the 
range. However, accelerated aging at essentially 0% 
R.H. is advantageous from the standpoint of easy hu- 
midity control, while high humidity aging conditions 
would be advantageous in the reduced length of time 
required to obtain a given Ak/s value. 

The marked difference in the shape of the curves for 
the Mitscherlich and kraft pulps presents an obvious 
difficulty in rating the stability of different type pulps; 
at humidities on either side of the intersection of these 
curves, these pulps would be rated in reverse order. 


Bleaching Variables and Rate of Reversion 


Washing. The washing operation at the conclusion 
of the five bleaching stages removes both inorganic and 
organic materials. These ‘bleach residues’’ allegedly 
consist of ash, low molecular weight carbohydrates, 
carbohydrate degradation products, and lignin degrada- 
tion products, all of which have been considered as 
causes of subsequent yellowing after the bleaching op- 
eration; therefore, washing studies were conducted 
both to understand the relationship of washing to 
yellowing and also to aid in the development of a re- 
producible laboratory bleaching technique. Only dis- 
tilled water washing has been considered; soaking and 
washing with acidic solutions has not. 

Some criterion of the thoroughness or degree of wash- 
ing was needed and in this study the relative amounts of 
carbohydrates present in the wash liquors were de- 
termined by a colorimetric method with orcinol (6) 

It was necessary to completely remove all pulp fibers 
from the filtrate since they could cause large errors in 
the determination. Twenty-five milliliters of cold 
90% H.SO, and 2 ml. orcinol solution (0.200% orcinol 
in absolute ethanol) were slowly added to 10 ml. of 
chilled filtrate in a 100-ml. test tube. The mixture 
was agitated by pouring back and forth into another 
test tube, and it was then heated fo 20 min. in a boiling 
water bath. It was found that color formation due to 
the presence of carbohydrates was complete after this 
interval. The solution was then cooled and the 425 to 
430 mmu minimum transmittance value was then de- 
termined with the General Electric recording spectro- 
photometer using a blank of distilled water treated in 
thissame manner. It was shown that the color formed 
obeyed Beer’s Law at the concentrations used. This 
test procedure gave a transmittance value of 66.4% or 
an optical density of 0.177 for 0.01% solution of glucose. 

All washing studies were begun immediately after the 
conclusion of the second hypochlorite bleaching stage, 
since in this manner the effect of diffusion could be de- 
tected. The pulps were stored at 9°C. between filtra- 
tions to inhibit bacterial attack. 

It was found by the orcinol test that an equilibrium 
was reached in washing liquor concentration after about 
three washes both immediately after the bleach and 
also after 6 days soaking. Although the concentra- 


_ tion of material in the washings (directly proportional 
~~ to log 1/7) diminishes rapidly on continued soak- 


ing, it does not reach zero and materials are still dis- 
Therefore, on this 


basis, pulps 147 and 148 were given three successive 
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washes on each of several days. Immediately after 
bleaching, washing was done at 1% consistency and 
40°C. and on succeeding days at 1% consistency and 
room temperature. The colorimetric orcinol test was 
applied to only the first of the three filtrates obtained 
each day. Brightness and reversion data were also 
obtained and are presented graphically in Fig. 2. 


a 
7p) 
79) 
eae 
0 
ie) x 
gS 
Wi x 
S q 
720 310 
G.E . BRIGHTNESS 
780 
220 
77.0 
aa 4D kysx 104 
190 
180 
170 
76.0~ 160 
(0) ( 2 &) 4 
DURATION OF 22¢ CAUSTIC EXTRACTION 
(HOURS } 
Fig. 2. Effect of caustic extraction on brightness and 


reversion 


These data show that there is a definite lowering and 
stabilizing of the reversion tendency after thoroughly 
washing the bleached pulp. The diffusion of constituent 
from within the fiber is relatively slow and therefore 
several days are necessary for complete pulp washing. 
Although this indicates that the Ak/s values depend 
on the degree of washing, from the standpoint of com- 
paring bleaches, reproducible data can be obtained if 
the brightness sheets are formed soon after the pulp is 
bleached. 

Hypochlorite Stage pH. ‘The equilibrium mixture of 
chlorine, hypochlorous acid, and the hypochlorite ion 
is known to be affected markedly by pH. At low pH 
values chlorine predominates, at neutrality hypochlo- 
rous acid predominates, and at high pH values the hypo- 
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chlorite ion is the major component. Obviously then 
the bleaching reactions involved at different pH values 
are not identical. Clibbens and Ridge (7) showed that, 
during hypochlorite bleaching of cotton cellulose, car- 
bohydrate oxidation increases as neutrality is ap- 
proached. Ina study of the bleaching of sulphite pulp 
Giertz (3) demonstrated that reversion also increases if 
hypochlorite bleaching is done under neutral rather 
than alkaline conditions. The present study was con- 
ducted to determine the degree of color stability at- 
tainable by highly alkaline hypochlorite bleaching. 

The pH was varied in the second hypochlorite stages 
of bleaches 137 through 145. Inadvertently, the con- 
sistency of the chlorination stage was 1.67% instead of 
1% resulting in high chlorine consumption (6.2%) for 
this stage and low chlorine consumption (0.28%) for 
the first hypochlorite stage. The bleaching data are 
given in Table XIII and the pH and reversion data. are 
tabulated in Table VI. 


consistency bleaches in the fact that the chlorine con- 
sumptions and all other variables except consistency 
were held as closely as possible to the conditions for 
high-consistency bleach 165. The data for these four 
bleaches are given in Table VII. 

The consistency of these bleaches evidently has no 
effect on reversion. This is of course applicable only to 
the range studied. The consistency of the hypochlo- 
rite stages was 1% for bleaches 166 to 168 and 5% for 
bleach 165. Aalto (8) recently showed that a very 
pronounced increase in reversion occurs as the consist- 
ency of the hypochlorite stage for sulphite pulps is in- 
creased from 3 to 12%. This can probably be accounted 
for by the lack of process control resulting in localized 
overbleaching and underbleaching, uneven pH, and 
poor temperature distribution at the higher consistency. 

Second Caustic Extraction Stage. The effect of the 
duration of the second caustic extraction was deter- 
mined since White and others (9) have shown that dif- 


® 
\ 
‘ Table VI. Effect of pH of Hypochlorite Stage on Reversion 
a : = = = a Te SS earn number Z 
137 138 139 140 141 142 148 144 146 
2nd hypochlorite 
Initial pH 10.6 10.0 Oro 8.9 8.5 8.0 7.5 7.0 6.5 
Final pH 10.5 9.6 8.6 8.3 8.0 Zoe a 6.6 6.0 
Arithmetic av. 10.5 9.8 9.0 8.6 8.2 7.8 7.3 6.8 6.2 
Original brightness, % G.E. 82.3 82.6 82.6 83.3 83.2 83.7 83.2 82.9 82.6 
Standard Ak/s X 104 143 153 150 156 160 164 163 174 185 


It can be seen that the reversion rate increases if the 
pH of the second hypochlorite stage is decreased to- 
ward neutrality. The reduction in Ak/s obtained by 
bleaching at pH 10 instead of pH 6 is about 20%; 
therefore, it is apparent that although yellowing can be 
minimized by bleaching at high pH it cannot be pre- 
vented. It is probable that carbohydrate oxidation is 
to some degree responsible for the yellowing of pulp. 
It is interesting to note that the maximum brightness 
was obtained for hypochlorite stage pH of 8 to 7. The 
same relationships of both brightness and reversion 
rate to the pH of the hypochlorite stage were found 
when pH was varied in both hypochlorite stages. 

Consistency. Experimental bleaches were conducted 
at low consistency (1%) and high consistency (38 to 10% 
for the preparation of 10 to 20 grams and 750 to 1500 
grams of pulp, respectively. (See Standard Methods.) 
There were two major differences other than consist- 
ency for these bleaches: (1) The total chlorine con- 
sumption was higher in the high-consistency bleaches. 
(2) The duration of the second caustic extraction stage 
was 2 hr. for the high-consistency bleaches, but only 
'/, hr. for low-consistency bleaches. The lower chlo- 
rine consumption at low consistency was due to the effect 
of concentration while the extraction time was inten- 
tionally reduced since it was thought that at the rela- 
tively high dilution the extraction would proceed more 
rapidly. 

Standard Ak/s by 104 values were about 270 for the 
low-consistency bleaches while only 130 for the high- 
consistency bleaches. In order to determine the cause 
for this, the effect of consistency was first eliminated 
by preparing triplicate low-consistency bleaches 166, 
167, and 168 which differed from the standard low- 
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fusion of materials from within the fiber during this 
stage is relatively slow. Low-consistency bleach 169 
was carried out using 100 grams which was divided after 
the first hypochlorite stage into two equal portions for 
individual bleaching. Duplicate bleaches were made 
0, 1/2, 1, and 2 hr. of caustic extraction with a single 
bleach for the 3-hr. extraction. The data for these 
bleaches are presented graphically in Fig. 3. 


Table VII. Effect of Bleaching Consistency on Reversion 


————— Bleach numbet—> ae 
High 
consist- 
ency -——— Low consistency——— 
165 166 167 168 
Chlorine consumed, % 

Chlorination D200 5.39 5.36 5.42 

Ist hypochlorite 1.38 e385 1.42 1.48 

2nd hypochlorite 0.29 0.17 0.20 0.21 

Total 7.02 6.91 6.98 7.06 
Original brightness, % 

G.E. 84.0 82.8 83.8 82.6 
Standard Ak/s X 104 27 141 128 157 
Standard points brightness 

drop S.A Al 5.0 5.5 


The extended caustic extraction reduces the rate of 
reversion by about 30% and increases the brightness 
by 2%. Evidently the materials removed by this ex- 
traction do not consume a noticeable amount of oxidant 
since there was no variation in the second stage hypo- 
chlorite consumption. The brightness gain and in- 
creased color stability obtained demonstrate the value 
of an extended caustic extraction for commercial kraft 
bleaching. For experimental purposes variations in 
this stage afford an easy method for the preparation of 
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pulps with similar chemical characteristics but different 
color stabilities and different original brightness. 
Highly Purified Pulps. The preceding paragraphs 
have been concerned only with CEHEH bleaching. 
During the course of preparing hemicellulose, pulp 165 
was chlorited by a modification of Jayme’s method 
described by Wise (10) and extracted overnight at room 
temperature (exposed to air) with 10% KOH. <Ac- 
cording to Kaverzneva (//) the chloriting treatment 
should convert the aldehyde groups formed during 
hypochlorite bleaching to carboxyl groups. Since such 
a treatment is known to increase color stability it was 
of interest to determine the effect of producing more 


aldehyde groups by subsequent drastic hypochlorite 


bleaching of the chlorited and the chlorited potassium 
hydroxide extracted pulps. 


PULP 148 AK/s 


oe pute 147 A“ /s 


STANDARD A */s x 104 
3 
ARB 


PuLP 148 LoG YT 


° 
PULP 147 LOG'/T S ~o 


Oza Ca 3 4 5 6 t 8 9 io stl 
STORAGE WITH CONTINUED WASHING , DAYS 


Fig. 3. Carbohydrate concentrations of filtrates from 
washings and effect of washing on reversion rate 


The hypochlorite bleaches were conducted at 1.0% 
consistency, 40°C., 4 hr., pH 7.0 to 6.5 with 1.00% 
chlorine added. 

The additional hypochlorite bleach raised the G.E. 
brightness by 1 and 3%, respectively, for the chlorited 
and the chlorited potassium hydroxide extracted pulps, 
but the Ak/s values were increased only slightly! These 
data indicate that the color precursor is either altered 
or removed by the acidified chlorite treatment and that 
subsequent carbohydrate oxidation with hypochlorite 
has little effect on reversion. 


’ Fiber Length Fractionation Studies 


From the preceding sections it is apparent that 
bleaching variations have a pronounced influence on 
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brightness reversion. One method of eliminating these 
variables is to study fibers which have been bleached 
together such as fractions based on fiber length. It has 
been shown that the other short fibers of hard bleached 
sulphite pulp yellow to a greater extent than the long 
fibers; Giertz (3) attributed this difference to overoxi- 
dation of the fines during bleaching. Braun and Rollin- 
son (/2) found the short fibers of bleached kraft pulp 
to have greater color stability than the long fibers. It 
should be possible by the study and interpretation of 
such data to draw some conclusions regarding yellow- 


Table VIII. Brightness and Reversion of CEHEH Pulp on 


Additional Purification 


Chlorine 
consumed 
3rd 
hy po- Original 
chlorite, brightness, Standard 
% % G.E. Ak/s X 104 
Pulp 165 aa 84.0 127 
Pulp 165—chlorited - 88.0 64 
Pulp 164—chlorited—hy- 
pochlorite 0.36 89.3 76 
Pulp 165—chlorited—KOH 
extracted as 88.9 25 
Pulp 165—chloriteda—KOH 
extd.—hypochlorite 0.33 Olea 33 


ing since the fines and long fibers differ not only in 
physical characteristics but also in chemical analysis. 
Perila and Roschier (13) found that the shorter fibers 
contain less alpha-cellulose, and more resins, fats, ash, 
and lignin than the Jong fibers. Since all of these com- 
ponents except alpha-cellulose supposedly contribute 
to yellowing, the long fibers should be more stable than 
the fines. 

The unbleached kraft pulp was fractionated with a 
Bauer-McNett classifier according to TAPPI Standard 
T 233 sm-53 with 28, 48, and 150-mesh screens in series. 
The percentage fibers retained was 86.3, 6.6, and 3.1 
for the 28, 48, and 150-mesh screens, respectively, with 
4.0% of the fibers passing through the 150-mesh screen. 

In order to fractionate pulp rapidly, the standard 
method was modified. Screens of 28, 200, 35, and 200- 
mesh were placed in the Bauer-McNett classifier in 
that order. Twenty grams of pulp were added to both 
the 28 and 35-mesh compartments and the fractionator 
was run 10 min. at a flow rate of 3 g.p.m. filtered water 
before draining. The pulp retained by the two coarse 
screens was combined, and that retained by the two 
fine screens was combined. The resulting separation 
gave about 90% long fibers and 4.5% fines with 5% of 
the fibers lost to the sewer. 

No chemical analyses were made on these two frac- 
tions, but it is probable that the differences, if any, 
were slight since on microscopic examination the fines 
were found to be for the most part broken or cut long 
fibers. 

The average fiber length was determined by Graff’s 
method (74) and was found to be 2.42, 2.98, and 0.72 
mm. for the unfractionated fibers, the long fibers, and 
the fines, respectively. 

Bleached pulps 120 and 130 were fractionated before 
the preparation of brightness handsheets. The bleach- 
ing data for these pulps are givenin Table XIII. Pulp 
120 was fractionated by TAPPI Standard 233 sm-53 
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with 28, 48, and 150-mesh screens, and pulp 130 was 
fractionated with 28, 200, 35, and 200-mesh screens in 
series. The data for the fractions from these two pulps 
are given in Table IX. 


Table IX. Reversion and Brightness of Fiber Length 
Fractions 


Original 
bright- 
ness, 
% G.E. Ak/s X 105 


28 fraction of 120 84.3 116 Aged 4 hr. at 
48 fraction of 120 84.0 82 100°C:, 0% 
150 fraction of 120 81.9 91 R.H. 
Long fraction of 130 85.2 114 Aged 1 hr. at 
Fine fraction of 130 Sono 79 100°C.,0% 
Unfractionated 84.6 115 R.H 


It can be seen that the ratio of the reversion rate of 
the fines to that of the longer fibers is from 0.65 to 0.70. 
One explanation for this difference could be that the 
action of the bleaching agents used is different on the 
two fractions; since the bleaching system is hetero- 
geneous it may be that the oxidizing power of the bleach 
is not divided proportionately between these two frac- 
tions. In order to study this, the unbleached pulp 
fractions were bleached separately. Duplicate bleaches 
were made on each fraction: the data for the individual 
bleaches are given in Table XIII. The averages of 
these are given in Table X. 


Table X. Bleaching of Fractionated Pulp 


Pulp Fines Longs Unfraction- 
ated 
Bleach number 158-159 160-161 162-163 
average average average 
Chlorine consumed, % 
Chlorination........ 5.56 Dro 5.42 
1st hypochlorite. .... 1.15 1.20 ty 
2nd hypochlorite... . 0.32 0.32 0.32 
Mo tell e eens: tke: 7.02 6.83 6.91 
Original brightness, % 
GUTS ae eae 82.9 81.7 82.0 
Standard Ak/s X 104.. 151 212 200 


These data show that the fines consume slightly more 
chlorine during the chlorination stage, but approxi- 
mately the same percentage chlorine in the first and 
second hypochlorite stages. It can be seen that the 
differences in color stability noted in the reversion of 
fines and long fibers bleached before fractionation con- 
tinue to exist when the fibers are bleached after frac- 
tionation. In both cases the rate of reversion of the 
short fibers is 0.7 that of the long fibers. 


The differences in the chlorine consumption of the 
long and short fibers are insufficient’ to explain the 
greater stability of the fines. It is believed that this 
greater stability is due primarily to the greater access 
presented by the fiber to the bleaching chemicals. In 
this manner the bleaching action is more uniform 
throughout the fiber and the removal of degradation 
products, both carbohydrate and ligneous, which are 
possible color precursors is facilitated for these short 
broken or cut fibers. This view is consistent with the 
fact that the reversion rate may be reduced by 20% by 
thorough washing and up to 50% by a prolonged second 
caustic extraction. It isimportant to realize that these 
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data do not show that all fines possess greater color 
stability than long fibers since fines comprising 5% of 
the pulp passed the 200-mesh screen and were lost to 
the sewer. It may well be that a portion of the fines 
which truly differ in both morphological and chemical 
nature may yellow more extensively than the long 
fibers. Even if this is the case, however, the removal. 
of fines to increase the color stability of a pulp would 
be of doubtful value since it is apparent that some of 
the fines are definitely more color stable than the un- 
fractionated pulp. Cutting or breaking the fibers be- 
fore the bleaching operation would seem to be advan- 
tageous since a higher proportion of these more stable 
fines would be produced in this manner. This could 
possibly be done either by decreasing the chip size and 
thus increasing the number of cut fibers, or by “beating” 
the pulp before bleaching. 


The Effect of Additives on Reversion 


Introduction. The study of reversion by the intro- 
duction of materials into the sheet has for the most part 
been aimed at the commercial application of certain 
compounds to increase color stability. The detri- 
mental effect of additives is also of interest, particularly 
if the additive used normally occurs in bleached pulp 
such as calcium salts, iron, and resins. 

The additives investigated in this study were tron 
and Versene, the first for possible detrimental effect 
and the latter for possible beneficial effect. 


Tron. Iron has often been considered to promote 
brightness reversion by catalyzing oxidation. In order 
to study the relationship of this constituent to rever- 
sion, a series of pulps of varying iron content were pre- 
pared. 

An attempt was made to prepare an iron-free control 
sample of bleached pulp with a dilute hydrochloric acid 
wash. This method has been used by McLean to re- 
move all ash except silica from samples of unbleached 
kraft pulp (76). Pulp 165 was soaked 45 min. in 0.1 V 
HCl, washed thoroughly, soaked overnight in distilled 
water, and washed several times again before forming 
brightness handsheets. Pulp 180 was given the same 
general washing sequence; one sample was soaked in 
0.1 N HCl for 111/. hr. The iron contents of both 
pulps 165 and 180 were approximately halved while the 
total ash was reduced only slightly for the former pulp 
but markedly for the latter. It can be seen in Table XI 


Table XI. Ash Removal with Dilute Hydrochloric Acid 


Original 

Pulp bright- 
designa- Ash, Fe, ness, Standard 
tion Treatment % p.p.m. % G.H. -Ak/s X 104 
165 None (control) 0.17 27 83.7 130 
165 Soaked 45 min. 0.14 16 83.5 128 
in 0.1 N HCl 

180 None (control) 0.15 15 85.4 101 
180 Soaked 111/. hr. 0.04 7 86.4 119 


in 0.1 N HCl 


that in no instance did ash removal increase color 
stability. The brightness increase obtained by soak- 
ing pulp 180 in hydrochloric acid was completely offset 
by the subsequent increase in the reversion rate; at the 
conclusion of the standard 2-hr. aging interval the con- 
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trol and acid-washed sheets had brightness values of 
80.9, 81.1, and 80.9, respectively. 


The pulp samples of varying iron content were pre- 
pared in accordance with the findings of Keller and 
Simmonds (/6) that iron is more strongly adsorbed 
under neutral or alkaline conditions and that more iron 
is adsorbed as the iron concentration of the soaking 


Table XII. Effect of High Iron Content on Pulp Reversion 


SOSA G 
soaking Fes an Original 
Sample water, pulp, brightness, Standard 
no. p.p.m. p.p.m. % G.E. Ak/s X 104 
L 0 20 84.1 135 
2 0.05 22 84.0 127 
3 Oma 17 84.1 135 
4 0.80 39 82.2 151 
5 1.50 81 79.3 175 
6 3.00 127 74.1 200 


? Mill process water for the production of bleached pulp usually contains 
<0.15 p.p.m. Fe. 


water is increased. Eight-gram samples of pulp 170-C 
were soaked 1/2 hr. in 2 liters distilled water containing 
known quantities of ferric ammonium sulphate at pH 
7. The pulps were then washed, made into brightness 
sheets, and aged under standard conditions. The 
amount of iron present in the ash of the aged sheets was 
determined by the colorimetric thiocyanate method 


Table XIII. 


is observed when iron salts, such as ferric chloride, are 
added to many phenols and similar compounds. 

Versene. An attempt was made to remove the ash 
constituents, including iron, of bleached pulp by treat- 
ment with Versene, the sodium salt of ethylenediamine 
tetraacetic acid. This compound forms complexes 
with metallic ions, thereby rendering them inactive; it 
will dissolve water-insoluble salts, e.g., calcium oxalate, 
by exchanging its sodium ions for the metallic ions of 
the insoluble salt. Thus, this compound could be 
effective in lowering the yellowing rate of pulp by re- 
moving or complexing ash constituents which could 
possibly catalyze reversion and also contribute to the 
alkalinity of the sheet. 

Eight-gram samples of pulp 165 were soaked over- 
night at 0.2% consistency at 7.0 pH and at 10.8 pH 
with 0.82 gram Versene Fe-3 added. The samples were 
washed thoroughly the following day before preparing 
brightness handsheets and aging. 

The original ash content, 0.17%, and the original 
iron content, 27 p.p.m., were reduced to 0.15% and 15 
p.p.m., respectively. No increase in brightness sta- 
bility was obtained. However, the original bright- 
ness, 83.7%, was increased to 84.9% by the Versene 
treatment. It is probable that the detergent qualities 
of the Versene were responsible for this increase since 
Dixson (1/8) has shown that wetting out agents may 


Data for Experimental Bleaches 


Points 


Original brightness 
Bleach First Second brightness, drop during Standard 
designation Chlorination hypochlorite hypochlorite Total i G.E. standard aging Ak/s X 104 
120 5.74 e253 0.27 7.24 84.2 4.0 6 
130 9.51 1.37 0.28 7.16 84.6 6.5 168 
137 6.21 0.28 0.21 6.70 82.3 5.0 143 
138 6.21 0.28 0.21 6.70 82.6 5). 74 153 
139 6.21 0). 28 0.22 6.71 82.6 50) 150 
140 6.21 ().28 0.23 6.72 83.3 5.7 156 
141 6.21 0.28 ().24 6.73 83.2 5.8 160 
142 6.21 0.28 0.25 6.74 Som 6.1 164 
1438 6.21 0 28 0.25 6.74 83.2 5.9 163 
144 6.21 0.28 0). 24 6.73 82.9 Ont 174 
145 6.21 0.28 0.22 6.71 82.6 623 185 
147 9.97 LEO 0.31 7.04 80.7 4.9 to 5.7 155 to 186 
148 6.00 1.26 0.24 (330) 80.8 6.3 to 6.9 208 to 245 
169 DL7 1.15 (). 24 6.56 76.9 to 79.0 47 to 6.4 164 to 246 
170-A iy ate! 1.45 0.36 7.14 81.3 4.9 149 
170-B 9.00 1.45 0.32 (aanlG 83.6 3.9 97 
170-C ian 1.45 0.33 el 83.7 3.4 83 
180 5.42 1 36 ().21 6.99 85.2 4.2 94 
(17). The data for these pulps are presented in Table decrease fiber bonding thus increasing the scattering co- 


XII. 

The added iron lowered the original brightness of the 
pulp to an extent proportional to the quantity of iron 
present. The increase in k/s before aging due to the 
iron added was approximately 0.0023 unit for each part 
per million iron added. Not only did the iron lower 
the original brightness, but it also increased the subse- 
quent accelerated reversion rate. It can be seen that 
the reversion rate is increased by about 50% as the iron 
content is increased from 20 to 127 p.p.m. This in- 
crease may be due to both catalytic acceleration of the 


“reversion reactions and to color intensification by the 


formation of iron salts or complexes of the organic 


colored materials which originated either with or with- 


out iron catalysis. Color formation and intensification 
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APP I 


efficient and consequently increasing the reflectivity of 
the sheet. 


SUMMARY AND CONCLUSIONS 

An investigation was made of the yellowing brought 
about by the heating of bleached kraft pulps. Pulps 
prepared from a single unbleached slash pine kraft pulp 
were used with a bleaching sequence consisting of chlo- 
rination, caustic extraction, calcium hypochlorite oxida- 
tion. The conditions maintained during these bleaches 
closely paralleled those used commercially. 

The reproducibility of the bleaching techniques used 
was determined in order to establish the validity of all 
conclusions and comparisons. It was found that the 
brightness values agree within 0.5% G.E. and that the 
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standard Ak/s values agree within 10% of the total 
numerical value. 

After the precision of both brightness and reversion 
data was established, the effects of several bleaching 
variables on these properties were determined. The 
pH maintained during hypochlorite oxidation, the dura- 
tion of the second caustic extraction, and the washing 
of newly bleached pulp were studied. Of these factors, 
a thorough caustic extraction has the greatest effect in 
reducing reversion. Omission of the second caustic 
extraction can increase reversion by 50%. Thorough 
washing and the maintenance of high pH during the 
hypochlorite stages can each reduce reversion by 20%. 
The process variables of caustic extraction and the pH 
of hypochlorite oxidation can easily be adjusted in in- 
dustrial operations for the attainment of high color 
stability, but only by relatively long diffusion periods 
could commercial washing be changed to increase color 
stability. 

A comparison was made of the reversion characteris- 
tics of long and short fibers of pulps fractionated both 
before and after bleaching. It was found that the re- 
version rate of the short fibers, or fines, was only 0.7 
that of the long fibers. The greater color stability 
which was found for the shorter fibers can be attributed 
to the more rapid diffusion of materials from within 
the fibers during the course of the bleaching stages. 

Iron and Versene were individually added to the pulp 
before accelerated aging tests; the former was used for 
its possible detrimental effect and the latter for possible 
benefits in increased color stability. The presence of 
iron was shown to definitely increase brightness rever- 
sion, but no decrease of reversion was realized by the 
addition of Versene. The addition of Versene did, 
however, increase the original brightness slightly. 

It was found that the measurement of the relative 
reversion rates of pulps within a given type (e.g., slash 
pine kraft pulp bleached by a five-stage procedure) can 


be successfully carried out under widely varying tem- 
perature conditions at a fixed temperature. 

A pulp highly purified by acidified sodium chlorite 
bleaching and caustic extraction was given a subsequent 
relatively drastic calcium hypochlorite bleach. This 
calcium hypochlorite treatment decreased the color 
stability only slightly. 
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The Simultaneous Burning of Bark and Coal 


HAROLD HANSEN and L. P. COPIAN 


Faced with the requirement for additional steam ca- 
pacity, the Champion Paper & Fibre Co. of Canton, N. C., 
decided that a new steam generating unit, firing bark and 
coal was needed. Studies of existing methods for efficient 
utilization of bark were made and based on these studies 
and the company’s extensive experience with bark burning. 
It was decided to install a spreader stoker-fired boiler of the 
two-drum, single-pass, baffleless design. The unit has a 
water-cooled furnace, superheater, heat recovery equip- 
ment, and dust collector. Nominal rating is 200,000 Ib. 
steam per hr. at 425 p.s.i.g. and 750°F. The installation is 
designed to burn unhogged bark and coal in combination 
or alone. The bark is distributed in the furnace by pneu- 
matic distributors, and coal is distributed by mechanical 
feeders. The spreader stoker traveling grate is of the rear 
ash discharge type. There is no bark storage, since the 
unhogged bark is fired directly as received from the drum 


HARoLp Hansen, Asst. Supt., Power Dept., The Champion Paper & Fibre 
Co., Canton, N. C., and L. P. Corian, Service Engineer, Riley Stoker Corp., 
Worcester, Mass. 
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barkers. Coal is used to supplement the bark and also to 
even out the steam flow. The control system is arranged so 
that the unit fires all the bark it receives and at the same 
time maintains any set minimum loading by burning coal 
at the required rate. The plant steam pressure is main- 
tained by one of the other boilers in the plant. The excel- 
lent performance of the unit is evidenced by the data col- 
lected over a typical, 5-day, 24-hr. period. Bark evaporation 
rates (pounds steam per pound bark) are in the order of 3.5. 
Grate refuse combustible runs in the order of 1.5%. 


THE Champion Paper & Fibre Co. of Canton, 
N. C., has used bark and woodroom refuse as boiler fuel 
for over 45 years. As recently as 1951 about 25% of 
the total steam requirements of the mill was supplied by 
black liquor recovery units, 10% by wood fuel, and the 
balance by three pulverized coal-fired boilers. However, 
steam requirements had increased and indications were 
that further increases would be needed to a point where 
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no standby capacity would be available for the winter 
months. Also indicated was an increase in the available 
amount of bark for fuel. As a result, Champion decided 
to investigate the economics of installing a modern 
boiler which could provide the necessary steam from the 
available bark and also provide standby steam capacity. 


Fig. 1. 


General arrangement of steam generator 


The decision would be based upon Champion’s years 
of wood and bark burning experience. The initial 
furnace installation was of the cell type, having a large 
amount of refractory surface as was common practice 
at the beginning of the century. There were three of 
these cells on each side of a 300-hp. two-drum, single- 
pass, Edgar water tube boiler. Flat grates were used, 
and the products of combustion entered the tube bank 
at one end. The cell design was later replaced by a 
single Dutch oven furnace on each side of the boiler. 

When a 600-hp. pulverized coal-fired boiler was no 
longer needed to burn coal it was adapted to burn bark 
and wood refuse. It was equipped with a rectangular 
refractory furnance and a suspended arch roof. Air for 
combustion was admitted through five, 6-in. blow pipes 
that were inserted in the front wall about 3 ft. above the 
refractory hearth. Steam generating efficiency was 
doubled on this unit from that on the Dutch oven 
Edgar boilers. 

Later when the amount of fuel from the woodrooms 
was considerably increased, four existing 800-hp. 
Sterling boilers, equipped with multiple retort under- 
feed stokers, were placed into service. These boilers 
are in batteries of two facing a common firing aisle. A 
revolving chute, designed and built at the plant, 
received the bark delivered by a belt conveyor from the 
drum barkers. This revolving chute discharged the 
fuel to a cylindrical opening below. This opening was 
divided into quarters by metal partitions. Each of 
these quarter sections was connected to steel plate 
chutes that delivered the fuel to an opening in the front 
wall of the furnace. The furnace front wall at the 
entrance of the chute was redesigned. Protection for 

the chute from furnace heat was provided by a re- 


- fractory pier and a cast iron curtain protected by 9 in. 


-of refractory. This curtain was used to deflect the 
_ bark flow down into a pile at the front wall, covering 
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the greater part of the underfeed section of the stoker. 
Although some burning took place over the underfeed 
section, the greater part took place on the overfeed 
section, the dumps, and along the high, side wall 
tuyéres. Efficiencies of better than 60% were obtained. 
Capacities, however, were limited, because carryover 
and stack emission became troublesome when rated 
output was exceeded. In all the foregoing cases the 
fuel was burned in piles and steam was generated at 
125 p.s.i.g. All other steam generating equipment was 
at 400 p.s.1.g. 

All wood used by the pulp mill is delivered by truck 
or railroad cars and is barked in drum barkers. Both 
pine and hardwoods are used in about 3 to | ratio. In 
order to determine the amount of bark available, in 
1949 all the bark from measured wood used by the 
woodrooms for a 24-hr. period, was sheared from a belt 
conveyor into railroad gondolas. The time required to 
fill each gondola was recorded, and the gondola was 
then weighed on a railroad track scale before it was 
shifted to a siding. Here a locomotive crane unloaded 
the contents into a bin. The bark was then raked to a 
conveyor and transported to the boiler house for 
burning. 


FUEL BURNING PROBLEMS 


From the information available at that time it was 
decided that a spreader stoker would be far superior to 
the Dutch oven for burning bark; and would have the 
added advantage of easy adaptability for burning coal 
as an auxiliary fuel. All known installations of wood 
burning spreader stokers incorporated hogs to prepare 
the fuel to the proper size; also, a storage bin served as 
a feeder supplying fuel to the furnace. 

In January, 1951, specifications for a spreader stoker 
fired steam generating unit were submitted to equip- 
ment manufacturers for bids. The size of the unit, when 
burning coal, was determined by the future steam de- 
mands. The size required for coal burning, however, 
was greater than that required to burn the bark. A 


Fig. 2 


Bark conveyor 


moderate sized bin to even out variations in bark flow 
was specified. A dust collector was included to elimi- 
nate objectionable stack discharge. 

A question arose when information on the cost of the 
storage bin, feeders, and wood hog equipment was 
received: why have all this equipment? 
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To answer this question it was necessary to investi- 
eate what the effect of particle size on burning would be 
when using a spreader stoker with a traveling grate. 
First knowledge of the sizing of the fuel as it came from 
the drum barkers was needed. Accordingly, samples 
of varying weight were sheared from the fuel belt, 
screened with hand screens, and the various parts 
weighed. Table I shows the results. The fact that a 
considerable part was large size was at first thought to 
be detrimental. However, it was soon determined that 
the oversized pieces would positively be burned because 
of the high furnace temperature and the available sup- 
ply of oxygen for the several hours required for the 
erate to carry them to the ash pit. Elimination of 
the fuel storage and hogging equipment would result in 
a substantial saving of capital expediture and avoid the 
high maintenance cost of wood hogs when subjected to 
a normal amount of scrap iron, stones, and other foreign 
material. 

Equipment manufacturers were requested to submit 
new bids covering the burning of unhogged fuel, with- 
out storage. The specified capacity of the unit was 
increased by 10% to take care of the 1-hr. peak flow of 
90,000 Ib. of 46% moisture bark that calculations based 
on previous weighing indicated. 

The burning of unhogged wood fuel was a departure 
from previous practice by manufacturers of spreader 
stokers. In the past the customer or the manufacturer 
had procured the wood feeders from other manufacturers 
and the problem of bridging of fuel over the feeders had 
never been solved. 

In many places in the Pacific Northwest, wood is a 
primary fuel. Here were inspected installations of both 
spreader stokers and Dutch ovens. In performance 
the superiority of the former was not questioned. 

At Prince Rupert, B. C., a stoppage at a conveyor 
opening caused irregular feed to the distributors. This 
created a pile of wet bark 3 ft. high and 6 ft. long to 
accumulate on the grate opposite one of the distributor 
openings. This pile was completely burned out in a 


Fig. 3. External view of bark proportioner 


half hour. At a spreader stoker installation in Eugene, 
Ore., the attendants speeded up one of the feeders 
purposely creating a pile of wood fuel 3 ft. deep on the 
grate. Again the pile burned out in less than an hour. 
The complete burning of these piles on the spreader 
stoker grate indicated that sizing of bark and wood 


636 


fuels is not necessary for spreader stoker burning. 
Sizing of bark and wood fuel, if needed, would only be 
to meet the requirements of conveyors, storage bins, 
and feeders. As a protective measure, space in the 
design was provided so that hogs and storage could be 
installed later, if necessary. 


DESCRIPTION OF NEW UNIT 


The steam generator is of the two-drum, single-pass, 


FUEL INLET 
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Fig. 4A. Arrangement of bark distributor 


baffleless design equipped with water-cooled furnace, 
radiation-convection superheater, continuous tube 
economizer, cross-flow air heater, and a dust collector. 
The furnace is 24 ft. 9 in. wide by 17 ft. deep. The 
height from grate surface to the roof is 38 ft. There are 
no soot blowers installed, although wall boxes were 
provided. The arrangement of this equipment is 
shown in Fig. 1, and the general performance data are 
given in Table ITA. 

The force draft fan is powered by a 250-h.p., 1200- 
r.p.m., constant speed motor, and volume is controlled 
with inlet vanes. The induced draft fan is powered by 
an 800-h.p. turbine through a speed reducer unit. 
Auxiliary air requirements for overfire air turbulence, 
bark distribution, and cinder reinjection are supplied 
by an auxiliary fan receiving air from the air heater 
outlet air duct. 

The wood fuel handling system is integrated as much 
as possible with existing facilities. Bark, stripped from 
pulpwood logs in drum barkers, is brought to the bark 
proportioner by a system of belt conveyors (Fig. 2). The 
proportioner consists of a rotating distributor which 
receives the bark as it is discharged from the last con- 
veyor belt and consecutively directs the bark flow down 
six separate chutes. For additional flexibility the rotat- 
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ing distributor is driven through a variable speed 
reducer by a 3-h.p., 1160-r.p.m. electric motor. The 
speed can be varied from 4 to 14 r.p.m.; however, once 
the optimum speed is determined, it needs no further 
regulation. Figure 3 is a view of the bark proportioner. 
The six chutes which receive the bark lead down to the 
pneumatic distributors located in the furnace front wall. 
These spread the bark in the furnace by means of a 


Fig. 4B. General view of bark distributer 


blast of preheated air. The bark distributors are 
located approximately 11 ft. above the grate surface, 
thus affording ample time and space for the drying and 
suspension burning of the bark which is aided by the 
A view of these dis- 
tributors is shown in Figs. 4A and 4B. 

Coal is supplied from an existing bunker and passed 
by a system of screw conveyors through automatic coal 
scales to the six coal feeders located in the furnace 
front wall. The feeders are located approximately 4 ft. 
above the grate, which is normal setting for a spreader 
stoker installation burning coal. See Figs. 5A and 5B 
for a general view of the feeders. 

The grate is of the rear ash discharge type, fully 
zoned to properly proportion air to the required areas. 
The rear ash discharge type was chosen in order to have 
sufficient grate retention time to permit extra large 
pieces of wood refuse to be burned before being dis- 
charged to the ash pit. These large pieces of wood 
refuse may be as much as 3 in. in diameter and as long 
as 3 ft. 

Overfire air turbulence is provided by a system of 2- 
in. diameter air jets, located in the furnace rear wall and 
3/4-in. diameter jets located beneath each coal feeder. 
The rear jets, which produce most of the furnace 
turbulence, are placed 30 in. above the grate surface in 
order to penetrate and promote turbulence in the zone 
of highest flame temperatures. 

The cinder return system is designed for complete 
reinjection of fly ash trapped in the boiler hoppers and 
dust collector. Fly ash resulting from burning bark can 
be high in combustible content and comparatively large 
in size. On an experimental basis and as a possible 


~ refinement, a standard coal pulverizer is used to grind 
fly ash and discharge it to the furnace through nozzles 
in the rear wall. Fly ash, fed to the pulverizer, includes 
all the refuse from the boiler hoppers and one third of 
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the refuse from the dust collectors. The remaining two- 
thirds of the dust collector refuse bypasses the pul- 
verizer and is reinjected directly to the furnance. 


COMBUSTION CONTROLS 


Figure 6 is a general view of the boiler control panel. 
The control system design is based on the requirements 
that the bark must be burned directly, since it is 
received at a fluctuating rate and coal must be burned 
to supplement the bark when bark flow drops below a 
set minimum level or stops completely. This method 
insures against loss of ignition during periods of no bark 
flow and is used to supplement plant steam capacity. 
Since the unit must burn whatever bark it receives, 
header steam pressure cannot be used as a controlling 
element. The black liquor boilers mentioned earler 
are in a similar independent situation—burning black 
liquor as required. Therefore, the function of maintain- 
ing plant steam pressure is assigned to the largest of the 
three pulverized coal-fired boilers, the only one equipped 
for automatic control; the other two being base loaded. 

To obtain this type of control action, the last section 
of bark conveyor, the section that discharges to the 
proportioner, has a calibrated weight integrator and 
scale installed beneath the conveying belt surface. This 
sends an impulse to the forced draft fan control system 
through a corrector regulator that corrects air flow to 
steam flow. Air flow measurement is taken at a venturi 
duct section between the air heater outlet and windbox. 

The coal feed rate is established by a splitter relay 
which balances steam flow and coal feed rate against 
the minimum load setting. 
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Fig. 5A. 


Arrangement of coal spreaders 


Fuel-air ratio, coal feed bias, and forced draft air bias 
controls are also incorporated into the system to meet 
any change in fuel or air requirements. 

Boiler feedwater control is of the two-element type, 
recelving impulse from drum water level and steam 
flow. Remote manual control of the feedwater flow is 
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provided at the control panel. The feedwater is taken 
from a main boiler feedwater supply line, eliminating 
the need for separate pumps for this unit. 

An oxygen indicator and recorder gives the operator 
a visual indication of furnace performance. (Fig. 7C). 

The induced draft fan controller gets its impulse from 
furnace draft. Controls were provided on the I.D. fan 
inlet dampers and the I.D. fan turbine governor. How- 
ever, after trying various combinations of controlling, 
it was found that satisfactory performance for these 
particular load conditions was obtained by locking open 
the I.D. fan inlet dampers and letting fan speed main- 
tain the required furnace draft. 


OPERATION 


Figure 7A shows the bark flow rate chart for a typical 
24-hr. period of operation. The rate is extremely 
erratic, and several times the bark flow is stopped 
entirely. 

Table I shows typica | size analyses of ten random 
bark Samples from pine and hardwoods. 

AY 


Table I. Bark Size C ‘onsist Analy ses 
Retained on Passed 
31/> by 4-in. Retained on through 


Weight of 


Sample sample, sereen 11/o-in. screen 11/2-in. screen 
no. lb. Lib: % Lb. % Lb. % 
1 281 35 12.5 97 34.5 149 53.0 
2 170 25 14.7 60 35.3 85 50.0 
3 86 13 15.1 26 30.2 47 54.7 
4 118 27 23.0 41 34.5 50 942.5 
5 198 46 23.5 58 29.1 94 47.4 
6 96 WG yas 34 35.1 45 47.6 
7 154 42 27.6 46 29.5 66 42.9 
8 175 41 23.4 55 31.1 80 45.5 
9 108 18 16.7 37 «34.4 53 48.9 
10 134 Wee Woe 45 33.2 72 «(54.1 

Totals 1521 280 18.5 499 32.7 742 «48.8 


Notes: Sample no. ane spynayane Contncd two sticks 4 by 18 in. and 
one long slab of hardwood bark on the 31/:-in. screen. Sample no. 2— 
Sample was fairly uniform with nothing large. Sample no. 3—Sample was 
unusually stringy. Sample no. 4—U nusual amount of large pieces of bar 
from jack pine approximately 4by 12in. Sample no. 7—All oak bark, some 
measuring 4 by 12in. Many strings. 

All material retained on the 31/2 by 4-in. screen was mostly strings from 
inner bark, unless otherwise noted. Also, bark analyzed was jack pine 
bark, unless otherwise noted. 


The bark sizing and the chemical analysis, shown in 


Fig. 5B. 


General view of coal spreaders 
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Table IIB, are the basis of design of the unit. There are 
periods when the bark is laden with stones and mis- 
cellaneous refuse which cause no difficulty to operation 
since there is nothing in the bark handling system that 
can be damaged by them. 

The proportioner, which feeds the bark to the pneu- 
matic distributors, handles all the flow rates and sizes of 


Fig. 6. General view of boiler control panel 


bark with ease. A speed of 10 r.p.m. was found to give 
good results in feed. The bark chutes are attached to 
the proportioner in such an order as to feed bark to the 
six pneumatic distributors in a 1-4-2-5-3-6 sequence. 


Table II. Design Data 


Bark Coal 


A—General Performance Data 


Steam flow, lb./hr. 200,000 cont. 


230,000 cont. 
Steam flow, lb./hr. 268,000 1 hr. 


250,000 4 hr. 


Steam pressure, p.s.1.g. 425 430 
Steam temperature, °F. 750 720 
Feed water temperature into 
economizer, °F. 330 330 
Forced draft air and auxiliary 
air temperature, °F. 400 370 
B—Bark Analysis 
Moisture si<-cdeguhe sao Oe ee eee 45.9% 
ASH uy. ca 2. -azgalee eas aah Jee eoa ee ea ae 0.4 
Carbon i... e sek on 5c ae Gem ene ee 28.3 
Oxy Genie 8 i SE ee ae ee 22.1 
Hydrogen. 8d/eyet et eee nl eee ee ee 3.3 
B. t.Us aS Tired <7. «lan. ce, ae Re a gene ee 4730 
C—Coal Analysis 
av MEGISTII ei 8 a. cun ott tn, ile Sh ee ee an 5.3 
Volatile matteren.. 6 eo ne rn 32.0 
Rixed'carbouras ts. sc ee ee eee 52.1 
ASH h)otes tes eee 10.6 
ASHELUSLOME Le Dnp ChAT UEC sie eee 2300°F. 
Betas fare Sek eee ate eek el re re 12,500 
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= to the pit. 
~ proportion of the two fuels. The ashpit refuse analysis 

“(Table III) shows that the per cent combustible is 
_ extremely low, resulting in a negligible carbon loss to the 


h Table III. Operating Data for 5-Day Period on 24-Hr. Basis 

; Bark : 

i Coal Bark haan —— Bark analyst =o i a 

i 6, Tainan : J ; Ca ES as = Coal analysis——\ refuse, 

f From al oe Be oem ease ie ldeg ines te Ng “ Eh ee Cais 
1,656,000 3,242,000 82.8 483 3.4 5080 40.9 13,000 5) 1 
1,494,000 3.688.000 74.7 531 Bs 5070 39.8 13,000 oF ioe 
1,899,000 3,414,000 94.9 505 3.4 4860 41.6 13, 400 3.5 20) 
1,917,000 3,177,000 95.9 442 3.6 5230 39.2 13,000 5.5 1.52 

1,578,000 3,781,000 78.9 513 3.7 5100 40.1 11,600 9.0 1.24 


Note: Boiler operating with approximately 3% continuous blowdown. 


The arrangement provides balanced bark distribution 
and furnace flame conditions. 

The coal supply is an Eastern Kentucky strip mine 
product having an analysis as shown in Table IIC. 


Fig. 7A. Typical daily flow chart—bark flow 


_ Since the operation of the unit, when firing coal only, is 


typical of spreader stoker performance, it will not be 
discussed here at length, and comment will be confined 
to firing coal in combination with bark only. 

Flame placement in the furnace, when firing wood 
alone, is toward the rear wall; flame placement, firing 
coal alone, is toward the front wall. The two fuels in 
combination, result in even flame distribution from 
front to rear. This flame is turbulent because of the 
front and rear overfire air jets, thus minimizing smoke 
and fly ash carryover. Another factor favoring low fly 
ash carryover is the unhogged sizing of the bark. The 
large pieces are heavier and have less tendency to be 
carried out of the furnace. 

The grates are driven by hydraulic units which give 
close speed regulation in the range from 0 to 13 ft. per 
hr. For the load settings described below, a speed of 
approximately 3 ft. per hr. results in an ash discharge 
thickness of from 4 to 6 in. This heavy ash bed is 
desirable on spreader stokers from the standpoint of 
operation and results in improved grate longevity. 
Figure 8 shows the grate refuse as it is being discharged 
It is loose and friable, regardless of the 


ash pit. 
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The overfire air turbulence system is equipped with an 
automatic control system to vary air pressure with load. 
However, with a minimum load setting of 200,000 Ib. 
per hr. on the boiler, it has been found satisfactory to 
maintain the rear overfire air pressure at 16 in. (water 
gage) regardless of any peak steam flow above the 
200,000 Ib. per hr. minimum. Front overfire air 


Fig. 7B. Typical daily flow chart—steam flow—air flow 


operates at the same 16 in. pressure, while the pneu- 
matic distributors operate at 20 in. regardless of bark 
flow rates. Adjustment is available from the control 
panel for these systems; any necessary changes are at, 
the discretion of the operator. Under normal con- 
ditions no changes are required. 

The boiler hopper cinders are gravity fed to the 
pulverizer. The dust collector cinder reinjection system 
operates at 16-in. air header pressure. The reinjected 
fly ash is introduced into the furnace through the rear 
wall at a level approximately 30 in. above the grate 
surface and into a zone of extremely high temperature 
which is necessary for reigniting the fly ash carbon. 

Although soot blower wall boxes are provided in the 
boiler setting, no blowers have been installed.  In- 
spection of slag screen, superheater, boiler, and recovery 
surfaces has shown them to be free from all deposits and 
accumulations. 

The increased mass-flow of furnace gases when firing 
wood versus coal results in higher steam, feedwater, 
preheated air, and air heater outlet gas temperatures. 
However, the maximum difference in temperatures fall 
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within a narrow band of approximately 30°F. when 
burning wood and coal together in various proportions. 

The automatic control system regulates the forced 
draft air and coal feed in accordance with bark and 
steam flow. The steam flow-air flow chart (Fig. 7B) is 
typical of performance under automatic control. The 
boiler and controls are quickly responsive in maintain- 
ing minimum load on coal when bark flow drops off; 
and are also quickly responsive to steam flow increase 
when heavy bark flow rate provides B.t.u. input above 
the minimum load setting. 

This minimum load has been set for 200,000 Ib. of 
steam per hr. to meet mill requirements. At 200,000 
lb. the steam is produced from variable proportions of 
bark and coal, while above 200,000 Ib., all the coal is off 
and the steam is produced from bark alone. This 
minimum steam flow dampens out the load swings 
which the variations in bark flow would impose and, at 
the same time, provides for the plant’s increased steam 
requirements. 

: . DISCUSSION 

Evaporation figures (steam per pound of bark) were 
better than anticipated. Table III shows the operating 
data for five consecutive 24-hr. periods. The evapora- 
tion rates when firing bark are derived by assigning a 
10-lb. test evaporation rate to coal and substracting the 
steam produced from coal from the total steam 
generated. Frequent checks have demonstrated that 
coal scales, coal car weights, and bark weights are all 
within the limits of accuracy. 

With the control arrangement used, a given steam 
flow and fuel-air ratio will result in a constant amount 
of forced draft air input, regardless of the variable 
proportions of bark-to-coal being burned. Figure 7C 


Vig. 7C. Typical daily flow chart—oxygen recorder 


shows the oxygen recorder chart for a 24-hr. period. 
The per cent oxygen in the dust collector outlet flue 
gases varies from a minimum of 3% to a maximum of 
7%, the lower percentage occurring at high bark flow 
rates and the higher percentage occurring at high coal 
rates. The normal range of oxygen percentage varies 
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within the limits of good performance without requir- 
ing further automatic controlling action, however, man- 
ual adjustment is available if necessary. 

A factor to be weighed against performance is the 
labor required to obtain good operation. The new 
steam generating unit is in the building adjacent to the 


Fig. 8. View of grate refuse being discharged to ashpit 


four old bark burners but is isolated from the rest of the 
steam plant. Two men per shift have been found to be 
adequate operating personnel for this new unit. <A 
general shift foreman supervises all steam and power 
generation for the plant. 

The unit has not operated long enough to give 
reliable maintenance information. However, there is 
no reason to expect anything but normal maintenance, 
especially since the major maintenance items of hogging, 
storage, and feeding equipment have been eliminated. 
The availability of the unit will be contingent on the 
maintenance required. 


CONCLUSION 

Kngineering and design of this unit were accomplished 
by the purchaser’s personnel working in collaboration 
with the contractor’s engineering department. 

Individually, there are certain practices in the field 
of bark burning which are of common usage. The major 
innovation of this installation is the inclusion of several 
of the more desirable of these features into the design of 
a modern bark burning spreader stoker installation. 
Chiefly, these features are: the firing of bark without 
any form of benefication, the firing of bark directly as 
it is received from the barking drums without any 
storage, the firing of bark and coal singly or in com- 
bination of various proportions, and operating the unit 
by application of automatic controls. 

The excellent design and performance of this unit 
give to the pulp and paper industries, and others having 
problems in wood refuse burning, an installation which 
advances the technique of burning this type of fuel. 
RecEIvED Dec. 23, 1954. Presented at the Ninth Engineering Conference 


of the Technical Associati P 5 stry. i i 
Pa., Oct. 18-20, peso ation of the Pulp and Paper Industry, Philadelphia; 
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ASSOCIATION NEWS AND EVENTS 


| Local Section Meetings 


_ Pacific: Nov. 15, 1955, Longview, Wash., ‘Routine Con- 
| trol Methods”; Jan. 10, 1956, Everett, Wash., Engineering 
| Program; March 2, 1956, Camas, Wash., Shibley Award Pro- 
}gram; May 17-19, 1956, Gearhart, Ore., Annual Meeting, 
| Joint Meeting with Pacific Division, APPMS Association. 
| New England: Dec. 9, 1955, Roger Smith Hotel, Holyoke, 
| Mass.; April 6, 1956, Roger Smith Hotel, Holyoke, Mass.; 
) June 8-9, 1956, Oceanside Hotel, Magnolia, Mass. 
Southeastern: Noy. 18-19, 1955, Hotel Dempsey, Macon, 
| Ga.; Jan. 20-21, 1956, Francis Marion Hotel, Charleston, 
{8.C.; March 23-24, 1956, Roosevelt Hotel, Jacksonville, 
| Fla.; May 18-19, 1956, King & Prince Hotel, Brunswick, Ga. 
Lake Erie: Nov. 18, 1955, Hotel Carter, Cleveland, Ohio, 
| “Quality Control and Testing,” visit to plant of Thomson 
| Products Co.; Jan. 20, 1956, Hotel Carter, Cleveland, Ohio, 
) “Printing Equipment,” visit to the Harris Press; March 23, 
/ 1956, Steubenville, Ohio, ‘Production and Process Control,” 
i visits to local paper mills; May 18, 1956, Cleveland, Ohio, 
) Annual Meeting. 
Empire State Central District: All meetings held at the 
| University Club, Syracuse, N.Y.; November 4, 1955, “Auto- 
» matic Steam Generation”; Dec. 2, 1955, ‘Mill Sanitation,”’ 
by Ralph Russell, Syracuse University; Jan. 6, 1956, ‘“Meth- 
ods of Coloring Paper,” by Maurice Landberge General Dye- 
i stuff Corp., New York, N.Y.; Feb. 3, 1956, ‘Paper Machinery 
» Developments” ; March 2, 1956, “Converting Paper with 
| Plastics”; April 6, 1956, ‘Papermaking in Europe,” by 
Robert F. Vokes, Dilts Machine Works, Fulton, N. Y. 
L 
| 


ee 


| Empire State Western District: Nov. 2, 1955; Dec. 7, 1955; 
© Feb. 1, 1956; April 4, 1956; May 2, 1956. 
)  Maine-New Hampshire: Oct. 28-29, 1955, Lafayette Hotel, 
Portland, Me. 
\) Lake States: Nov. 8, 1955, Wausau Club, Wausau, Wis., 
‘afternoon visits to mills of Mosinee Paper Mills, Mosinee, 
) Wis., and Marathon Corp., Rothschild, Wis., panel discussion 
jon “Wet Strength,’’ H. C. Crandall, Mosinee Paper Mills, 
» Moderator; Jan. 10, 1956, Northland Hotel, Green Bay, Wis., 
i “Sulphite Spent Liquor Utilization’; March 13, 1956, Hotel 
" Conway, Appleton, Wis., C. J. West Award Program; April 
510, 1956, Beloit, Wis., afternoon visit to plant of Beloit Iron 
os engineering program; and May 8, 1956, Annual Meet- 
Hing. 
» Ohio: Nov. 7, 1955, Hotel Manchester, Middletown, Ohio, 
‘Management,’ by Charles Kluss, Champion Paper & Fibre 
+ Co., Hamilton, Ohio, joint meeting with Miami Valley Super- 
intendents; Dec. 13, 1955, Legion Hall, Middletown, Ohio, 
* “Printing,” by F. A. Weymouth, Printing Ink Division, Inter- 
«chemical Corp., New York, N. Y.; Jan. 12, 1956, Legion 
\ Hall, Middletown, Ohio, ““New Machinery Developments in 
* the Paper Industry,” afternoon visit to plants of Black-Claw- 
i) son Co., Hamilton, Ohio, and Shartle Bros. Machine Co. Di- 
ij vision, Middletown, Ohio: Feb. 14, 1956, Legion Hall, Middle- 
i town, Ohio, “Stock Preparation,’ by James d’A. Clark, Con- 
‘sultant, Longview, Wash.; March 8, 1956, Legion Hall, 
% Middletown, Ohio, “Fiber Swelling” lecture and motion pic- 
4 tures by I. H. Isenberg, Institute of Paper Chemistry, Apple- 
“ton, Wis.; April 10, 1956, Legion Hall, Middletown, Ohio, 
Awards Prozram; and May 10, 1956, Hartwell Club House, 
ad Cincinnati, Ohio, Annual Meeting. 
@ Empire State Northern District: Nov. 10, 1955, “The Offset 
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Process Paper Requirements,” by EH. A. Luscomb, Miehle 
Printing Press & Mfg. Co., Chicago, Ill.; Dec. 8, 1955, ‘‘Print- 
ing Problems of the Publisher and New Developments in the 
Printing Field,” by Frank Lincoln, Time, Ine., Springdale, 
Conn.; Jan. 12, 1956, Students Night, ‘“Beater Additives,” by 
8. Harll Church, College of Forestry, State University of New 
York, Syracuse, N. Y.; Feb. 9, 1956, ““Machinery Develop- 
ments,” by representatives of Sandy Hill Iron & Brass Works, 
Hudson Falls, N.Y.; March 8, 1956, ‘Titanium Pigments in 
Paper,” by H. C. Brill, E. I. du Pont de Nemours & Co., New- 
port, Del.; April 12, 1956, Empire State Award Night; and 
May 10, 1956, Annual Meeting. 

Delaware Valley: Engineers Club, Philadelphia, Pa., Oct. 
27, 1955: Dec. 9, 1955; Jan. 26, 1956; March 29; 1956; 
April 26, 1956; and May 31, 1956. 

Empire State Eastern District: Queensburg Hotel, Glens 
Falls, N. Y., Oct. 21, 1955; Nov. 18, 1955; Dec. 16, 1955; 
Jan. 20, 1956; Feb. 17, 1956; March 16, 1956; April 20, 
1956; and May 18, 1956. 

Chicago: Chicago Bar Association Rooms, 29 South La 
Salle St., Chicago, Ill., Nov. 14, 1955; Dec. 12, 1955; Jan. 9, 
1956; Feb. 13, 1956; March 12, 1956; April 9, 1956; and May 
14, 1956. 

Empire State Metropolitan District: Fraunces Tavern, Pearl 
and Broad Sts., New York, N. Y., Nov. 15, 1955, Speaker— 
W. Boyd Campbell, Consultant, Montreal, P. Q.; Dec. 13, 
1955, “Technical Manpower—Its Opportunities and Re- 
sponsibilities,” by Hugh G. Wyland, H. G. Wyland, As- 
sociates, New York, N. Y.; Jan. 10, 1956, Panel Meeting— 
subject to be announced; March 13, 1956, Panel Meeting— 
subject to be announced; April 10, 1956, and May 8, 1956, 
Annual Meeting. 


TAPPI National Conferences 


Ninth Alkaline Pulping Conference: Hotel Patten, Chat- 
tanooga, Tenn., Oct. 19-21, 1955. 

Tenth Engineering Conference: Rice Hotel, Houston, Tex., 
Nov. 7-9, 1955. 

Seventh Coating Conference: 
Philadelphia, Pa., May 7-9, 1956. 


Benjamin Franklin Hotel, 


TAPPT 1956 Medal 


By vote of the Executive Committee of the Technical 
Association of the Pulp and Paper Industry, the TAPPI 
Medal has been awarded to Harry F. Lewis of The Institute of 
Paper Chemistry, Appleton, Wis. 

The medal is awarded to a person who has made outstanding 
contributions to the technical advancement of the pulp and 
paper industry. 

The presentation will be made at the TAPPJ Annual Meet- 
ing luncheon on Thursday, February 23, 1956, at the Com- 
modore Hotel, New York, N. Y. The accomphshments of 
Mr. Lewis will be outlined during the presentation address. 

Mr. Lewis was born in Denver, Colo., on May 27, 1891, and 
graduated from Wesleyan College in 1912. He received his 
doctorate in chemistry from the University of Illinois in 1916 
and honorary doctorates from Cornell Coll. (Lowa), in 1945 and 
from Wesleyan College in 1948. 

In 1916 and 1917 he did pharmaceutical chemistry research 
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work at the University of Illinois. In 1917-18 he worked for 
the Department of Agriculture. He was associate professor 
of chemistry at the University of Maine in 1918-19. From 
1919 to 1921 he was a research chemist for the National 
Aniline & Chemical Co. From 1921 to 1928 he was profes- 
sor of chemistry at Cornell College and from 1928 to 1930 he 
was head of the chemistry department of Ohio Wesleyan Col- 
lege. Since 1930 he has been dean of students at The Institute 
of Paper Chemistry. 

His service as an educator has been outstanding. Some 
of his exceptionally fine work has been done in the field of 
redwood chemistry, lignin and its conversion to useful prod- 
ucts, permanence of paper, chemistry of bark, and the struc- 
ture and properties of vegetable tannins. 


CPPA Technical Section 


The Technical Section Annual Meeting will take place at the 
Sheraton-Mt. Royal Hotel, Montreal, P. Q., on Jan. 25-27, 
1956. The Annual Meeting invariably overloads available 
accommodation facilities, therefore requests for reservations 
shotld be made early to T. L. Deveau, general manager of the 
Hotel. 

Anyone wishing to present a paper at this meeting should 
contact Douglas Jones, executive secretary, Technical Sec- 
tion, Canadian Pulp & Paper Assn., 2280 Sun Life Building, 
Montreal 2, P. Q. 


New England 


At the annual meeting of the New England Section held 
at the Oceanside Hotel, Magnolia, Mass., in June, a plaque 
was awarded to a student of the Paper Engineering Course of 
the Lowell Technological Institute, Lowell, Mass. 

This plaque was presented to Fred D. Iannazzi, Class of 
1956, by Miss Helen V. Kiely, former technical director 
of the American Writing Paper Co., Holyoke, Mass. 

The placque was established by the TAPPI New England 
Section to honor Miss Kiely for her many years of devoted 
and distinguished service to the pulp and paper industry. 


: OF 
HELEN U.KIELY 


SRVICE TD THIS POUSTRY, 
AL AWARD T0 THE MEMBER | 
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The plaque will be on permanent display in an exhibit area 
in the Paper Engineering Building of Lowell Technological 
Institute. 


Tenth Plastics-Paper Conference 


The Tenth Plastics-Paper Conference of the Technical As- 
sociation of the Pulp and Paper Industry will be held on 
November 14 and 15, 1955, at the Brooklyn Law School, 375 
Pearl St., Brooklyn, N. Y. The theme of the conference will 
be “Plastic Modified Functional Papers.” 

The program follows: 


Nov. 14, 1955 
9:30 a.m. ‘Frsrous MATERIALS FOR LAMINATES” 
Patt M. Goop.ior, Brown Co., Berlin, N. H. 

1. ‘Some Factors Influencing the Crazing Tendency of 
Laminates,’’ Hans Arledter, Hurlbut Paper Co. 

2. “The Forming Machine—Its Use in Sheet and Pre- 
forming Operations,” F. Carlton Loeber, The Forming 
Machine Co. of America, Inc., and Frank Hayes, 
Noble & Wood, Inc. 

3. “Kraft and Synthetic Fiber Pulp Mats for Lami- 
nates,” L. P. Wenzell, Celanese Corp. 

4. “A Preliminary Investigation of Paper-Laminate 
Property Relationships,’’ George Shaw, Taylor Fiber 
Co. 

“Factors Affecting the Electrical Properties and Fire 

Resistance of Phenolic Paper Laminates,” Myer 

Ezrin, Monsanto Chemical Co. 

6. Panel Discussion—‘‘Testing Paper for Resins Saturat- 
ing Qualities” (time permitting). 


or 


Nov. 14, 1955 
2°00 p.m. ‘Resins EMPLOYED IN LAMINATES”’ 
H. F. Mark, Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y. 

7. “Board Surfacing Resin,” R. Lindenfelser and H. P. 
Ledden, American Cyanamid Co. 

8. “Titanium Organic Polymers and Their Use with 
Fibers,” H. C. Brill, E. I. du Pont de Nemours & Co. 

9. “Polyesters,” H. L. Gerhart, Pittsburgh Plate Glass 
Co. 

10. “Epoxy Resins and Their Use with Fibers,” P. A. 
Thomas, J. L. Welch, Jr., and B. E. Godard, Bakelite 
Div., Union Carbide and Carbon Corp. 


Nov. 15, 1955 
9:30 a.m. “THE PuLtp anp Paper INDUSTRY SPEAKS ON ITS 
PrLastics REQUIREMENTS” 
W. Sricke., Texon, Inc., South Hadley Falls, Mass. 
11. “Specialty Papers,” J. F. Helms, Marathon Corp. 
12. “Glassine,” Ralph Nazzaro, Westfield River Paper 
Co. 
13. “Boxboard,” A.T. Luey, The Boxboard Research Assn. 
14. “Cup and Container,” Henry Maeder, Dixie Cup Co. 


LUNCHEON 


A luncheon will be held at the Bossert Hotel, 98 Montague 
St., Brooklyn, N. Y. Charles Lewis, Director, Container 
and Packaging Division, U. 8S. Department of Commerce, 
will be the luncheon speaker. His talk will be an off-the- 
record discussion of “Government Plans for the Industrial 
Mobilization of the Paper and Plastics Industries.” 


Nov. 15, 1955 
2:00 p.m. “POLYETHYLENE ExTRusION CoaTING” 
R. C. SturKen, Frank W. Egan & Co., Somerville, N. J. 
15. “Physical Properties of Papers Coated with Poly- 


ethylene by Extrusion,” Kenneth A. Arnold, St. Regis 
Paper Co. 
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16. “Performance and Design Data of Cooling a Roll on 
Polyethylene Extrusion Laminating Machine,” Wil- 
liam R. Penrod, Dilts Machine Works. 

17. “A Comparison of Polyethylene and Polyethylene- 
Wax Paper Coatings,’ John C. Rice, Lowe Paper Co. 

18. “Polyethylene Extrusion Lamination—Equipment 
Design and Operation,’ Ernest C. Bernhardt, E. I. 
du Pont de Nemours & Co. 


Note: Reservations for sleeping accommodations should be 
made directly with the hotel of your choice. The St. George 
Hotel, Clark St., Brooklyn, is convenient to the Brooklyn 
Law School and is situated on a subway station a short ride 
from Manhattan. The registration fee for the conference 
will be $10 for TAPPI members, $13 for non-members 


Seventh Coating Conference 


At the second meeting of the 1956 Coating Conference 
Committee on August 30, Chester Landes, program chairman, 
announced that a large selection of papers had been sub- 
mitted for the next coating conference to be held in Phila- 
delphia May 7 to 9, 1956. The committee has requested 
that papér titles and authors be submitted no later than 
Nov. 1, 1955. 

The Program Committee indicated the need for more 
papers from operating mills and members of the graphic arts 
industry. 

Mr. Landes has appointed the following men to the Program 
Committee: 


H. C. Brill, Pigments Dept., E. I. du Pont de Nemours «& Co., 
Newport, Del. 

Kk. A. Craig, Kimberly-Clark Corp., Neenah, Wis. 

L. E. Georgevits, The Borden Co., Chemical Division, Bain- 
bridge, N. Y. 

Gerald Haywood, West Virginia Pulp & Paper Co., Luke, Md. 

A. H. Nadelman, Paper Technology Dept., Western Michi- 
gan College, Kalamazoo, Mich. 

A. W. Neubauer, Crown Zellerbach Corp., Camas, Wash. 

F. L. Schucker, Rohm & Haas Co., 5000 Richmond St., Phila- 
delphia 37, Pa. 

G.S. McKnight, Jr., Oxford Paper Co., Rumford, Me. 


Anyone interested in presenting a paper should contact 
any one of the above men, or C. G. Landes, American Cyana- 
mid Co., 1937 W. Main St., Stamford, Conn. 

The subject of the 1956 Coating Conference is “Synthetic 
Adhesives for Paper Coating.” 

J. T. Loomer, general chairman of the 1956 Coating Con- 
ference, has requested that anyone interested in displaying an 
exhibit at the conference should contact either Emil Padavic, 
Local Arrangements Chairman, Container Corp. of America, 
Nixon & Fountain Sts., Philadelphia, Pa., or John C. Rice, 
Publicity Chairman, Lowe Paper Co., Ridgefield, N. J. This 
should be done as soon as possible so that the necessary space 
can be assigned for the exhibits. 


Tenth Engineering Conference 


The TAPPI Tenth Engineering Conference will be held 
at the Rice Hotel, Houston, Tex. on.Nov. 7-10, 1955. The 
details of the technical program were published in the Septem- 
ber issue of Tappzi. 

A feature of the conference will be the opportunity to visit 
the mills of the Champion Paper & Fibre Co. at Pasadena, 
Tex., the East Texas Pulp & Paper Co. at Evadale, Tex., and 
the Southland Paper Mills, Inc., at Lufkin, Tex. 

The following details will indicate what can be seen in these 
exceptionally fine mills: 


The Champion Paper and Fibre Co., Texas Div., Pasadena, 
Tex. 


Pulp mill established 1937, paper mill established 1940. 
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Aerial view of the Champion Paper & Fibre Co., Texas Div., 
Pasadena, Texas 


Power Plant: Steam and electricity. 
Sulphate Pulp Mill: 1,050,000 Ib. 24 hr. 
Kind: Bleached sulphate. 
Bleach Plant: 1,050,000 lb. 24 hr. 
Groundwood Pulp Mill: 100,000 lb. 24 hr. 
Paper Mill: 930,000 lb. 24 hr. 
Kind: Fine machine coated paper, uncoated specialties, bonds, 
mimeograph, tablet, offset, sanitary food container board. 


Masor EQUIPMENT 
Sulphate Mill: 

Conveyor: Jeffrey Mfg. Co. 

Drum Barkers: 2—D. J. Murray; 1—Fibermaking Processes; 
1—Manitowoc Engineering Co. 

Chippers: 2—Carthage; 2—D. J. Murray. 

Recovery Plant: 2—B&W Tomlinson; 1—Combustion Mur- 
ray-Wearn; 2—sets quadruple effect evaporators by U. 8. 
Cast Iron Pipe Co.; and 1—set Swenson evaporators by 
Buffalo-Vac. 

Refuse and Gas Boilers: 2—Combustion Engineering; 1— 
Voght. 

Boilers: 4—B & W Express-type gas fired; 1—12,000 amp. 
650-volt Westinghouse Mercury Arc Rectifier. 

Digesters: 6—Combustion Engineering; 1—Chicago Bridge; 
1—Wyatt. 

Circulating Systems: Fibermaking Process. 

Lime Kilns: 1—Traylor; 1—Montreal. 

Causticizing System: Dorr Co. 

Pulp Washing: 5—Oliver; 4—Impco; 3—Impco Deknotters. 

Screening: Impco Dunbar Flat Screens; 2—Cowan centrifugal 
screens; Bauer Centri-Cleaner. 

Bleach Plant: 2 Complete Impco systems, 525 tons storage and 
bleaching capacity for sulphate pulp, including 1 Impco high 
density ClO, bleaching stage. 1—3-ton Mathieson system 
for generating ClOs. 

Chlorine & Caustic: Hooker Electro-Chemical cells. 

Pulp Drier: 1—168-in. Black-Clawson fourdrinier; General 
ese sectional drive; Mathews presses; Mathews Lay- 

oy. 

Paper Machines: 1—214-in. Beloit; 1—150-in. Beloit four- 
drinier; Pusey & Jones driers; B-C calenders: Beloit drive: 
1—140-in. B-C fourdrinier; Manchester machine reel; 1— 
128-in, B-C cylinder; Langston winder. 

Finishing: 

Rewinders: 3 Cameron; 1| Beloit. 

Supercalenders: 2—194-in. B-C and Beloit; 2—145-in. Apple- 
ton, Reliance electric drive; 1—80-in. Champion. 

Cutters: 5—Humblet Machine Co. 

Trimmers: 6—Harris Seybold. 

Groundwood Mill: 

Conveyers: Jeffery Mfg. Co. 

Drum Barker: _Manitowoe Engineering Co. 

Grinders: 2—Roberts 66” face 62” diameter by Appleton 

_ Machine Co. 

Stones: Norton, Carborundum. 

Pumps: Ingersoll-Rand, Goulds, Mission. 


Screens: 3—centrifugal Montague Machine Co.; 1—cen- 
trifugal Cowan; 2—flat Jonsson. 
Thickeners: 3—8 X 12 Impco. 
Storage Warehouse: 65,000 sq. ft. 
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@ Fully-hydraulic Seybolds are introducing a com- 
pletely new concept in paper cutting and trimming. In 
two years of in-plant field testing, they proved to be 
the most accurate power cutters ever built, and en- 
abled paper mills to trim stock to a uniformity of size, 
squareness and straightness never possible before. 

Built in 65” and 85” sizes, the new cutter-trimmers 
incorporate many Seybold advances in cutter design, 
hydraulics, and automatic spacing. The new ma- 
chines permit precision cutting and trimming to 
extremely close tolerances, while handling a sub- 
stantial increase in daily tonnage. 


SEYBOLD 
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FULLY-HYDRAULIC SEYBOLD 85” MILL TRIMMER WITH AUTO-SPACER 


Back gauge, clamp and knife bar on these new 
Seybold cutter-trimmers are hydraulically operated. 
Improved Seybold Auto-Spacer offers many new 
advantages in automatic, mass production. Air-film 
tables are standard equipment. 

Fully-hydraulic Seybolds are available in Heth 
mill trimmer and commercial finishing models. For 
a complete list of installations, an on-the-job demon- 
stration, or an illustrated, descriptive booklet, check 
with your Harris-Seybold representative, or write 
Harris-Seybold Company, 4510 East 71st Street, 
Cleveland 5, Ohio. 


SEYBOLD CUTTERS 


Harris Presses « Seybold Cutters + Harris Litho-Chemicals 
Special Products + Cottrell Presses + Platemaking Equipment 


Macey Collators 
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Existing Major Power Plant Equipment at Southland 
Paper Mills, Inc. 


The existing power plant at Southland consists of equip- 
ment installed in 1939, 1944, and 1948. 


1939 


The original plant was built to furnish power for one (1) 
fourdrinier paper machine operation, including groundwood 
mill, stock preparation, woodyard, water wells, etc. 

The following equipment was installed in power plant: 


3—75,000 lb./hr. 750° FTT 650 p.s.i.g. natural gas-fired power 


boilers. 
2—6000-kw., automatic single extraction condensing turbo- 
generators. 
Generators and all main switchgear were 2400 volts. 


1944 


In 1944 Southland installed an old low pressure 10,000-kw. 
condensing turbogenerator, a new 120,000 lb. per hr. 500° FTT 
200 p.s.i.g. gas-fired boiler power, also, a 200-ton recovery 
boiler 750°F. 650 p.s.i.g. to handle the addition of the chemi- 
cal pulp mill. 


1947 . 


In 1947 the old 10,000-kw. turbogenerator was junked when 
the first unit of the new addition was installed. 

The 120,000 lb. per hr. low pressure boiler was moved to the 
woodyard and converted to a combination bark and gas-fired 
boiler. This bark burning boiler is used as part of the feed- 
water system in that all treated water during normal opera- 
tion goes to this boiler and all condensate is returned to the 
600-lb. boilers. 

The following major new equipment was installed: 


2—175,000 lb. per hr. 750° FTT 650 p.s.i.g. gas-fired power 


boilers. 
2—10,000-kw., double automatic extraction condensing turbo- 
generators. 


Generators and all main switchgear were 6900 volts. 


The majority of Southland Paper Mill’s power is consumed 
by the groundwood nmll on four 4000-hp. 2300 and four 6900- 
volt synchronous motors with full voltage, across the line 
starting. 

The present time we are operating with a normal load of 
36,000 kw. and 285,000 Ib. per hr. of 125 and 30 p.s.i.g. process 
steam. 


1955 


For the present expansion the following equipment is being 
installed: 


2—175,000 lb. per hr. 750° FTT 650 p.s.i.g. pressure fired fur- 
nace, natural gas fuel, power boilers. 

2—15,625-kw., single automatic extraction, condensing, turbo- 
generators. 


Following the modern trend, a 350 g.p.m. demineralizing 
plant for boiler feedwater treatment is being installed. All 
the other necessary equipment needed to build a complete 
plant as feedwater pumps, condensers, circulating water sys- 
tem, cooling towers, steam distribution system, electrical 
distribution, etc., has one thing in common, and that is that 
the old and new systems are tied together during normal op- 
eration. 

By the time of the TAPPI meeting in Houston, Tex., Nov. 
7, 1955, the installation of the boilers will have been com- 
pleted. The first turbine is due to be delivered the first of 
November, so one unit should be setting on its foundation by 
the time of the meeting. 

Construction should be in a very interesting stage for 
TAPPI engineers to take a look on visitors’ day, Nov. 10, 
1955. 


GENERAL HLEctTRIC Co. 


2—15,625-kw., single automatic extraction condensing turbines 
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Aerial view of Southland Paper Mills, Inc., Lufkin, Texas 


designed for steam conditions of 590 p.s.i.g., 750° FTT, 
3 in. Hg abs., direct-connected. 

2—15,625-kva., 12,500-kw., 0.80 pf., 0.75 SCR 6900-volt, 3- 
phase, 60-cycle, air-cooled generators with direct-con- 
nected 250-volt exciters. 


A. M. Locxerr & Co. 
2—Babcock & Wilcox integral furnace boilers, class FH26 
19 ft. 6 in./NG54—19 ft. 0 in., arranged for pressure 
firing, each to be designed at 675 p.s.i.g. and each to be 
selected to produce continuously 175,000 lb. of steam per 
hour when operating at 610 p.s.i.g., 750° FFT, at the 
superheater outlet. 


STING sE HLEecTRIC Corp. 
WeEsTINGHOUSE I 


2—15,000-sq. ft. surface condensers, two-pass, Westinghouse 
radial flow deaerating type, with nondivided cast iron 
waterboxes and welded steel shell. 


J. F. Prircuarp Co 


1— Model 6-2454NB15 Induced Draft Pritchard Cooling Tower. 
To be erected on 12 ft. high concrete basin; 6-cell tower, 
over-all height 281/2 ft. above basin curb; design wind load 
30 lb. per sq. ft.; basin dimensions 145 ft. long x 56 ft. 
wide; tower dimensions—inside length 144 ft., inside 
width 54 ft., inside height 24 ft., over-all length 145 ft., 
over-all width 561/2 ft., over-all height 281/. ft. 


MontaGur MAcHINE Co, 


10—Great Northern Grinders adapted to stone size 67 in. diam. 
by 54 in. face, installed in tandem, each pair to be driven 
by 6000 hp. synchronous motor at 240 r.p.m. 


Evecrric MacninEery Mra. Co. 


5—5000-hp., 240-r.p.m., 1.0 pf, 6900-volt, 3-phase, 60-cycle, 
40°C. rise, synchronous grinder motors. 


RELIANCE E.ecrric & ENGINEERING Co. 


1—Sectional Electric Drive for 212-in. Pusey & Jones fourdrin- 
ier machine, suitable for speed range of 900 f.p.m. to 2200 
f.p.m. 


Barttey METER Co, 


Combustion and feedwater control system, for two Babcock & 
Wilcox pressure-fired boilers. 


INGERSOLL-RAND Co. 
Instrument and plant air compressors. 


2—5HST 6-stage horizontally split, single suction diffuser type 
boiler feed pumps with hydraulic balancing device. 


HLecrric Macuinery Mre. Co. 


2300-volt motor control centers. 
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GENERAL HWuEecrric Co. 


Unit substations and transformers. 


Warrer Hiecrric Co. 


440-volt control centers. 


Interesting Facts About the East Texas Pulp and Paper 
Co. 


Location: HEvadale, Tex.—7 miles Hast of Silsbee, 24 miles 
North of Beaumont. 

Construction Period: Started construction—Sept. 1, 1953; 
began operations—Dec. 5, 1954; still a little construction in 


progress. 

Size: Plant area—50O acres, with 50 surrounding acres land- 
scaped. a. 

Payroll: 450 employees—annual payroll of over two million 


dollars. 

Timber Purchase: $2.8 million annually for purchase of pulp- 
wood from large and small tracts. 

Wood Source: Use 200,000 cords of pine and hardwood annually. 
100,000 cords—Southwestern Settlement and Development— 
Chips from Kirby Lumber Co. equivalent 40,000 cords. Re- 
mainder from individual tree famers and landowners. 

Water Used: 23,000,000 gallons per day (75,000 gallons used for 
ole ton of product). 

Water Source: Hight wells—1400 ft. deep, yielding 2000 to 2300 
gallons per minute. No water from Neches River is used. 

Water Storage: For mill process use, a water storage tank of 
850,000-gallon capacity is provided. Also for fire protection 
an elevated storage tank with a 125,000-gallon capacity is pro- 
vided. 

Effluent Disposal: A 14-mile effluent canal constructed from the 
mill and terminating in a 5500-acre swamp area which is the 
property of Eastex. This area is situated some miles below 
the intake for Beaumont’s water supply. During the ef- 
fluent’s passage down this 14-mile canal and swamp area, it 
becomes stabilized so that no nuisance is passed into the Neches 
River. 

Production: Three hundred (300) tons daily of bleached kraft 
market pulp and paper, provided for domestic and export 
markets. The market pulp is shipped to paper mills who do 
not have their own pulp or must supplement their supply. 
Also included are bleached fourdrinier board grades (both 
coated and uncoated) and heavy weight bleached paper. 
This paper is used primarily in the manufacture of milk con- 
tainers, cartons, cups, cans, plates, trays, tags, folders, and 
similar paper products. 


Your tour will be generally in the order that the log follows 
from “pine to paper,’”’ and you will see each step that it goes 
through. At some of our stops it may be difficult to ask and 
answer questions, and we hope that this tour information 
sheet will be of some help to you. 

Listed below are the places you will stop and actually see 
the phases of operation in converting pine to paper. 


LABORATORY 


The laboratory personnel are responsible for all technical 
control work for the processes throughout the plant. They 
gather data on operations, raw materials, and the physical 
properties of pulp and paper during manufacture. 

It is here that the color formulas necessary to manufac- 
ture the shades of paper board requested by the customer are 
made up. 

From each reel of paper turned out by the paper machine, 
one set (12 X 12 X 12) is taken and tested for these various 
qualities—folding endurance, tearing resistance, stiffness, 
burst, tensile, smoothness, porosity, weight, and thickness. 

The sampling department of the laboratory sends samples 
of container board and other grades to prospective customers. 


Power Housp 


The power plant generates about 65% of the total electrical 
energy used in the mill, and the remainder is purchased from 
Gulf States Utilities Co. Steam for power generation and 
process requirements is obtained from two boilers. One boiler 
burns pine bark and natural gas as fuel, and the other boiler 
burns black liquor as fuel. Black liquor is a lignin residue left 
in the chemical after cooking the useful cellulose fiber from 
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Aerial view of East Texas Pulp & Paper Co., Evadale, Texas 


pine wood chips. Natural gas fuel produces about 30% of the 
mill steam requirements. Black liquor and pine bark pro- 
duce the other 70% of steam required. 


WoopyarpD AND Woop Minu 


There are two huge woodyards each with an area of 64,000 
sq. ft., and a storage capacity of 20,000 cords of wood. This 
wood is stacked in piles 30 ft. high by cranes. A specially 
constructed fiume 750 ft. in length is filled with water which 
recirculates at a rate of 20,000 g.p.m. and is used to float the 
logs to the barking drums. 

The wood mill has the job of converting logs into chips that 
are suitable for conversion into pulp. The logs are barked by 
two huge drums, 12 ft. in diameter and 45 ft. long, which 
revolved on their longitudinal axis. The logs are washed and 
sized, and sent to the chipper. In the chipper the log is 
brought in contact with a series of knives fastened on metal 
disks. This reduces the wood to chips. The chips are then 
screened and conveyed by belt to the storage silos. 

Each of these silos is 40 ft. in diameter and 65 ft. high. 
They each have a chip capacity equivalent to 200 cords of 
wood. 


Pune Minn 


In this operation the chips are fed to four digesters where 
they are cooked under elevated temperature of 350° and 
pressure conditions of 110 lb. A white liquor consisting of 
alkali and sulphur compound is poured in to dissolve the 
lignins and other binding materials from the cellulose fibers 
of the chips. This cooking continues for about 31/, hr. 

After cooking, the pulp is washed and screened. After 
screening, pulp that is to be bleached is sent to the bleach 
plant and then to the beater room. 

An important part of the pulp mill operation is the recov- 
ery department, where certain chemicals used in the manu- 
facture of pulp are recovered to be used again. 

The organic materials from the spent liquor are burned in 
furnaces where the temperature ranges between 1800°F. and 
2400°F. The recovery furnace utilizes the heat from the 
burning chemicals to generate steam at 625 lb. pressure which 
is used in the steam turbines as was mentioned under the 
heading power house. 

Two important steps in recovery are the treatment that the 
smelt receives in the caustic room, and that where the lime 
mud from the caustic room is filtered in the lime kilns. 


Parpr Mri 

From the bleach plant the pulp travels to the beater room, 
where it receives its final treatment prior to entering the 
paper machine. Color, size, alum, wet-strength resin, and 
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No neighbor has a good word for industrial 


odors. The morale of plant employees drops, 
residents see the value of their homes and 
property taking a nose-dive, local business 
begins to worry about lost profits. 


That’s why, when a plant loses its welcome, 
Airkem’s Industrial Odor Service can be an in- 
valuable public relations aid. Everyone, from 
plant employees to city council, will appreciate 
the fast, thorough removal of odors—and plant 
management gets the credit for their public- 


minded spirit. 


If you find yourself faced with an industrial odor 


problem, Airkem’s nation-wide organization can 
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ARE YOU 
WELCOME 
IN THEIR 
BACK YARD? 


help you turn an odor liability into a public rela- 
tions asset. Simply call in your local Airkem field 
representative for a free analysis. Then, with the 
facilities of the nation’s largest osmics laboratory 
at his disposal, he can recommend the specific 
Airkem formulations and equipment that will 
solve your problem rapidly and effectively . . . 
without interrupting plant production, and at 


exceptionally moderate cost. 


You'll find your Airkem field representative listed 
in your phone book. Call him today for full infor- 
mation on how Airkem’s Industrial Odor Service 


can help you. Or write to Airkem, Inc., 241 East 
44th Street, New York 17, N. Y. 


other additives are blended into the pulp. The pulp is also 
refined by the jordans to give it the proper “‘freeness.”” F'ree- 
ness is a measure of the rate at which water will drain from the 
pulp suspension (stock). 

Perhaps the most impressive single piece of equipment in 
the East Texas Pulp and Paper plant is the huge paper 
machine. Cost of the machine is $2.8 million. 

The paper machine is 20 ft. wide and 440 ft. long. This 
machine is essentially a device where the suspension of pulp 
in water is transferred in an even layer onto a continuously 
moving screen used to drain water from the pulp. A wet 
sheet is continuously formed and is subjected to further water 
removal by suction roll presses and subsequent transfer to a 
series of dryers which remove more water. 

After leaving the drier section the sheet may or may not be 
subjected to calendering (compressing the sheet) depending 
upon the type of finish desired. After the paper passes 
through the calenders it is wound on a steel spool called a reel. 
From the reel the large roll of 196-in. trimmed paper is trans- 
ferred to the slitter and winder, where it is slit into narrower 
rolls. As each roll of paper is made samples are taken for 
contplete analysis of quality. 

This giant paper machine is designed to run at speeds up to 
1500 f.p.m- which means that it can make a paper sheet 216 in. 
wide at a rate of 17 m.p.h. 


FINISHING AND SHIPPING 


After the rolls of paper are disengaged from the winders 
they are transferred either to the rotary cutter to be cut into 
flat sheets, or to a rewinder to be cut into smaller rolls. The 
pulp is wrapped in pulp wrapper and baled in bales weighing 
500 lb. The shipping rolls are either wrapped or steel 
strapped, and both pulp and paper are stenciled as to destina- 
tion and customer specification. 

The pulp or paper is now ready for the box cars which line 
the tracks near the loading platforms. These cars have been 
thoroughly cleaned, and after inspection are lined with paper 
on floor and sides to ensure clean shipment. The cars are 
loaded by fork lift trucks, which have a lift capacity rang- 
ing from 3000 to 10,000 lb. 


MAINTENANCE 


A mill of this size naturally requires a well trained and well 
equipped maintenance section. The company has a group of 
experienced craftsmen, versatile enough to take care of prac- 
tically all of our maintenance problems. You will see a sec- 
tion of our maintenance shops on your tour, and will prob- 
ably see maintenance personnel at work in some other areas 
of the plant as you go through. 

We hope you will enjoy your tour—feel free to ask your 
guide any questions you wish as you go through—and come 
back to visit us again! 


Mirzt Equipment Data SHEET 


Woodyard and Chip Storage: 
2—Wood storage areas 80 X 800—capacity 12,000 cords. 
1—Lorraine 2!/,-yd. crane. 
1—Lorraine 1-yd. crane. 
1—Flume—36 in. wide X 36 in. min. deep X 750 ft. long. 
2—Flume pumps, Bingham, 10,000 g.p.m., 125 hp., 900 r.p.m. 
Woodyard conveyers by Link Belt. 
2—Fibermaking barking drums 12 X 45 ft.—capacity each 20 
cords per hour. ' 
1—102-in. 10-knife Murray chipper; 700 hp., 327 r.p.m., 2300 
v., syne, motor. 
3—Rotex chip screens—20 cords per hour each. 
1—34-in. Carthage rechipper. 
1 —Hammermill hog. 
3—Chip silos 40 ft. diam. < 65 ft.—capacity 200 cords each. 
3—I17 ft. diam. Link Belt table chip feeders—silos to belt. 
Digester Building: 
4—Indirect. cooking digesters by Chicago Bridge & Iron 
11ft.6in. diam. X 54 ft. b., capacity 4800 cu. ft. or 12 tons 


each with Esco circulating systems, operating on 150 Ib. 
steam. 
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1—Blow tank—Chicago Bridge & Iron—26 ft. diam. & 54 ft. 
h., turpentine recovery system. 

3—Jonsson knotters. ’ 

3—Impco Brown stock washers—9!/2 ft. diam. X 16 ft. 

3—Seal tanks. 

1—Foam tank. ; 

2—Unbleached high density storages—17 X 46 ft.—capacity 
35 A.D. tons each at 11% stock. 


Screen Room: 
1—Blending tank—30 X 38 ft. h. capacity 40 tons at 31/2%. 
Unbleached screening—Impco 14-plate flat screens. 
8lines—3 screens each. 
1—Impco valveless Brown stock deckers 91/2 16 ft. 
2—Unbleached decker stock chests at 4% consistency. 


Bleach Plant: 


5—Stage Impco bleaching system. 
5—Impco washers8 X 14 ft. 
1—Low density chlorination tower—15 diam. X 70 ft. b. 
4—High density towers—17 ft. 6in. X 46 ft. 
Sequence: 
(1) Chlorination—8 xX 14ft. washer—rubber covered. 
(2) Caustic—8 X 14 ft washer—rubber covered. 
(3) Hypochloride—8 xX 14 ft. washer—cast iron, 
(4) Hypochloride—8 X 14 ft. washer—cast iron. 
(5) Chlorine-dioxide—8 X 14 ft. washer—317 5.8. 
2—High density storage tanks—concrete—tile lined. 
Bleached screening—Impco 14-plate flat screens. 
4lines—3 screens each. 
1—Impco valveless bleach stock decker 91/2 < 16 ft. 
2—Bleached decker stock chests at 4!/2% consistency. 
1—Chlorine unloading and evaporating system. 
1—Calcium hypochloride (bleach liquor) system. 
1—Chlorine-dioxide system including: 
Liquid sulphur storage. 
Sulphur burner. 
Sulphuric acid unloading and storage. 
Sodium chlorate unloading and storage. 
1—Mathieson chlorine-dioxide generator CLO: storage. 


| 


Recovery: 
2—Weak black liquor storage tanks. 
Sextuple effect evaporators—Goslin-Birmingham, capacity 
170,000 lb. 
Water per hour with 33,700 lb. steam per hour at 40 lb. 
pressure. 
Soap recovery system. 
1—Fuller airveyor salt cake handling system. 
2—Strong black liquor storage tanks. 
2—Cascade evaporators. 
1—CE recovery unit burning 900,000 lb. of solids per day and 
generating 132,000 lb. of steam per hour at 625 lb. 
pressure. 
1—Koppers precipitator—capacity 1,000,000 lb. solids per 
a 


day. 

pyc by Costodius Engineers—12 ft. diam. by 200 ft. 
igh. 
Recausticizing: 
1—Limestone storage. 
1—Oliver mud washer 6 & 6 ft. 
1—Traylor lime kiln 8 X 250 ft. long. 
1—Peabody scrubber. 
2—Dorr slaker No. 4 and No. 8. 
Dorr recausticizing system. 


Power Plant: 
1—Cochran demineralizing feed water system—60 gal. per 
minute. 
1—Babcock & Wilcox power boiler, gas-fired, 230,000 lb. per 
HOU 625 lb. pressure with a spreader stoker for bark 
urning. 
1—C-E Turbine generator—7500-kw., single extraction, non- 
condensing. 
Mill Water Supply: 
8—Wells—1200-1600 ft. depth—capacity 1500-2300 g.p.m. 
each equipped Layne & Bowler Deep Well Turbine 
Pumps—total capacity 16,000 g.p.m. or 23,000,000 g.p.d. 
1—Fresh water storage tank—capacity 850 gal. 
3—Bingham mill supply water pumps—capacity 6,000 g.p.m. 


each. 
1—Elevated tank—Chicago Bridge—125,000 gal. 125 ft. high 
—fire protection. ' 


Beater Room: 


Raw stock storage—50 tons at 4%. 
4—Stock mixers—2 air-dried tons each at 4%—equipped with 
Shartle propeller type agitator. 
1—Beater dump chest—13 tons at 4%. 
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107 YEARS 


OF WIRE CLOTH WEAVING 


CABBLE WIRE COMPANY, INC. 


80 AINSLIE STREET BROOKLYN 11, N. Y. 


CABBLE FOURDRINIER WIRES 


RESEARCH AT WORK 
FOR YOU 


CHIEF 
SANDUSKY 
FERROUS and NON- 
FERROUS CENTRIFUGAL 
CASTINGS FOR 
‘s ROLL SHELLS, COVERS, 
and LINERS 


Many concerns are discovering strong, uniform, 
closely grained Sandusky centrifugal castings are 
essential to applications requiring maximum strength 
and extreme resistance to heat, corrosion, and ab- 
rasion. Chief Sandusky continuous research is ever 
expanding the range of these uses. 

This versatility and quality results from constant 
research and testing in our modern firm and inde- 
pendent laboratories. Vast foundry and field experi- 
ence also assists in supplying the proper castings for 
you. 


Excellent machining facilities for drilling, turning 
and boring are available. 


Call or write Sandusky, the leading source 
of ferrous and non-ferrous centrifugal cast- 


ings. ALWAYS SPECIFY CHIEF SANDUSKY. 


Chie} SANDUSKY 
CENTRIFUGAL CASTINGS 


FERROUS AND NON- FERROUS 
SANDUSKY FOUNDRY AND MACHINE CO., Sandusky, Ohio 
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3—Pretreatment lava filled Jones ma- 
jestic jordans. 

1—Jordan dump chest—13 tons at 
31/4 %. 

3—Jones majestic wide tackle jordans. 

2—Jones majestic narrow tackle jor- 
dans. 

8—Jordan motors—400 hp., 360 r.p.m. 
synchronous. 

1—Machine chest—5!/2 tons at 3%. 

1—Impco valveless decker saveall, 9 ft. 
6in. X 16 ft. 

1—Jones high-speed broker refiner. 

Additive systems for: 

Liquid alum. 


Size. 
Starch. 
Dye. 
Paper Machine 216-in. Beloit at 1500 
r.p.m.! 


1—Worthington fan pump—20,000 
g.p.m.—300 hp., 514 r.p.m. syn. 
motor driven. 
Pressure head box. 
216 in. X 1380 ft. wire. 
42-in. suction couch. 
Suction first press. 
Inverted suction second press. 
6 paper driers and 1 felt drier. 
Third press. 
Smoothing press. 
20 paper driers and 8 felt driers. 
Breaker stack. 
22 paper driers and 4 felt driers. 
Size press. 
11 paper driers and 2 felt driers, 
First calender stack. 
3 driers. 
Second calender stack. 
Beloit reel. 
Beloit double drum winder. 
1 Cameron 90 in. rewinder. 
Roll refinish line including wrapper, 
header, scales, and lowerator. 
Auxiliary Equipment: 

Drive—1500 hp., G.E. turbine with line 
shaft and Beloit differential gear 
units. 

5 Roots-Connorsville vacuum pumps. 

Jones double roll stock master broke 
beater. 

Lobdell roll grinder. 


Pulp Line in Basement: 
Lambs-Gray Harbor 210 in. simplex 
cutter and layboy. 
Washington Iron Works hydraulic 
baling press. 
Lambs-Gray Harbor baling equipment. 
Finishing Room: 
1—Moore & White 120-in. duplex pre- 
cision cutter with layboy. 
1—84 in. Seybold trimmer. 


TENTH 


Engineering Conference 


TAPPI 


Rice Hotel, Houston, Texas 


November 7-9, 1955 
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PAPER MANUFACTURERS AND PRINTERS 


THE ‘‘VANCEOMETER” is the out- RECOMMEND THE 


standing photoelectric absorption 


tester in the Paper Industry and 


Allied Fields. Oil Absorption Tester 


@ To obtain a numerical rating of printability 


@ To obtain a numerical rating of absorption 


into paper and paper board. 


To measure the receptivity of paper and 
paper board for sizing, coating, adhesive, 


ink, etc., 
To test plain or colored stock 


To get results in less than one minute. 
* TRADEMARK 
REGISTERED IN U. S. PATENT OFFICE 


For complete information write for 


HILLSIDE LABORATORY 


333 NORTH MICHIGAN AVENUE CHICAGO 1, ILLINOIS 


free Technical Bulletin 


How 
Thorough Cleaning 


Adds Valuable 
Felt Life 


Mount Hope Felt Preserver Method Proves Exceptional 
In six swift, sure steps the Mount Hope method adds 


important life to felt. 
aN cee Ae ee 
Step Weoerls cs 23" Wels Felt: A shower soaks and softens felt. mo sower\ 0" 90" T0 Fe 
45° TO FELT 
Step 2... . . . Opens Felf: Expander spreads felt and opens \ a eRe, So 
weave. aes #3—SECOND EXPANDER : 


#4 & #5—THIRD EXPANDER #2—FIRST EXPANDER 


Step 3. . . . . Squeezes Felt: Expander gently squeezes weave to- 
gether, without wrinkling. 


SIC As coy ec Spreads Felt: Expander spreads weave open to maxi- 
mum width. 


Step 5. Keeps Seams Straight: Eliminates bowed felt weft. 


Step 6. ... . . Washes Felt: Stock, freed and dislodged by ‘“work- 
ing” action, is now forced to face 
of felt by a penetrating shower, and 


| 
| 
| 2 washed away by a doctoring shower. MACHINERY COMPA 


Result: A thoroughly clean, open, soft felt with spring text nap. 


“Longer Felt Life’’ survey yours on request. 15 FIFTH STREET, TAUNTON, MASS. 
New Southern Repair Shop—Charlotte, N.C. 


Write our Felt Engineer. 
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PERSONAL MENTION 


Items About New and Old Tappimen 


New Tappi Members 


Richard G. Anderson, Vechnical Representative, United 
States Movidyn Corp., Chicago, Ill., a 1948 graduate of the 
University of Wisconsin. 

Paul August, Sales Engineer, Industrial Nucleonics Corp., 
Columbus, Ohio, a 1951 graduate of Ohio State University. 

Thomas W. Bauer, Research Chemist, Abitibi Power & 
Paper Co. Ltd., Sault Ste. Marie, Ont., Canada, a 1944 
graduate of McGill University with a Ph.D. degree from 
Ohio State University in 1950. 

Earl EB. Berkley, Director, Fiber & Spinning Laboratory, 
Anderson, Clayton & Co., Houston, Tex., a 1933 graduate of 
Washington University with a Ph.D. degree. 

Mario Biondetti, Chief Engineer, Paper Machine Branch, 
De Pretto-Escher Wyss 8.p.A., Schio (Vicenza) Italy, a 1941 
graduate of the University of Padova. 

Karl Bollerslev, Technical Adviser, Giustina Bros. Lumber 
Co., Eugene, Ore., a 1931 graduate of the University of 
Washington. 

David Bookshester, Midwest Sales Manager, Paisley 
Products, Inc., Chicago, Ill., a 1935 graduate of the University 
of Illinois. 

Walter Braun, Director, Cellulose Laboratory, Papier- 
fabrik J. H. Eppen, Winsen/Luhe, Germany, a 1955 graduate 
of the Technical University, Darmstadt. 

Loren J. Brewer, Chemist, Marathon Corp., Rothschild, 
Wis., a 1940 graduate of the University of Wisconsin. 

Wiliam E. Caldwell, Jr., Resident Manager, St. Regis 
Paper Co., Kalamazoo, Mich., a 1937 graduate of the Uni- 
versity of Virginia. 

E. J. Chagnon, Executive Vice-President, Albany Felt Co. 
of Canada Ltd., Cowansville, P.Q., Canada, a 1931 graduate 
of Philadelphia Textile Institute. 

John K. Coppens, Sales Engineer, H. Waterbury & Sons 
Co., Oriskany, N. Y., a 1955 graduate of the University of 
Maine. 

Donald B. Dailey, Assistant General Manager, Standard 
Chemical Ltd., Beauharnois, P.Q., Canada, a 1937 graduate 
of St. Lawrence University. 

Robert W. Davison, Research Chemist, Hercules Powder 
Co., Wilmington, Del., a 1950 graduate of Massachusetts 
Institute of Technology with a Ph.D. degree. 

Ivah T. Deane, Librarian, Stromberg-Carlson Co., 
Rochester, N. Y. 

P. R. B. Dixon, Vice-President, Harry Dixon & Sons, 
Inc., New York, N. Y., a 1934 graduate of McGill University. 

Harold M. Ely, Senior Chemist, Potlatch Forests, Inc., 
Lewiston, Idaho, a 1943 graduate of the University of 
Michigan. 

Richard R. Gardner, Staff Engineer, Buckeye Cotton Oil 
Co., Memphis, Tenn., a 1947 graduate of the University of 
Rochester. 

Donald B. DeNoyer, Vice-President in charge of Engineer- 
ing, Valley Iron Works Co., Appleton, Wis., a 1937 graduate 
of the University of Wisconsin. 

Emmanuel J. Dufault, Research Chemist, Canada Packers 
Ltd., Toronto, Ont., Canada, a 1942 graduate of the Uni- 
versity of Western Ontario. 

A. Sagarra Fernandez, Chief Chemist, Refinadora Paulista 
5. A., Sao Paulo, Brazil, a 1946 graduate of the Industrial 
University, Barcelona. 
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Marvin F. Gade, Systems Engineer, Kimberly-Clark 


Corp., Neenah, Wis., a 1952 graduate of the State University | 


of Iowa. 
George Gero, Field Engineer, Container Laboratories, Inc., 
New York, N. Y., a 1950 graduate of Columbia University. 


Ernesto G. Gietz, Technical Director, Instituto Biblio- | 


tecologico, Buenos Aires, Argentina. 

George E. Gunton, Vice-President, Charles Tennant Co. 
(Canada) Ltd., Montreal, P.Q., Canada.* Attended McGill 
University and the University of J]linois. 

David O. Hamer, Jr., Technical Sales, Arkansas Company, 
Inc., Newark, N. J., a 1942 graduate of Lowell Technological 
Institute. 


Thomas J. L. Henson, Packaging Development, Thatcher | 


Glass Mfg. Co., Inc., Elmira, N. Y., a 1942 graduate of 
Pennsylvania State University. 

John 8. Holmes, Process Engineer, Delco Radio Div., 
GMC, Kokomo, Ind., a 1947 graduate of Rensselaer Poly- 
technic Institute. 

Ruth H. Hooker, Librarian, Naval Research Laboratory, 


Washington, D. C., a 1927 graduate of George Washington 


University. 


William T. Jones, Program Executive, Pulp, Paper & 


Board Raw Materials, Business Defense Services Administra- 
tion, U.S. Dept. of Commerce, Washington, D.C. Attended 
the University of Wisconsin. 

William E. Kenline, Research Associate, Pierce & Stevens, 
Inc., Buffalo, N. Y., a 1948 graduate of Canisius College. 

Alfred P. Kilin, Chief Engineer, Freight Loading & Con- 
tainer Bureau, A.R.A., Chicago, Ill., a 1922 graduate of 
Harvard University. 

Stanley J. Kruger, Staff Engineer, Buckeye Cotton Oil 
Co., Memphis, Tenn., a 1947 graduate of Pennsylvania State 
University. 

Pierre R. Laguilharre, President Director General, Ets. 
Laguilharre S.A., Enghienles-Bains, France. 

Mark La Rue, Sales Engineer, W. E. Greene Corp., Hud- 
son Falls, N. Y., a 1950 graduate of Clarkson College. 

John E. Lean, Vice-President, General Manager and 
Secretary, Rex Paper Co., Kalamazoo, Mich., a 1940 graduate 
of the University of Chicago. 

Yurit E. Lebedeff, Superintendent, Chemical Research, 
American Smelting & Refining Co., S. Plainfield, N. J., a 
1927 graduate of South Dakota School of Mines. 

Roberto B. Leonardos, Student, National College of Engi- 
neering, Rio de Janeiro, Brazil. 

David W. Lovering, Chemist, Arthur D. Little, Inc., Cam- 
bridge, Mass., a 1943 graduate of Northeastern University. 

Tapani Marttala, Head of Laboratory, Lohja-Kotka O0/Y, 
Lohja, Finland, a 1951 graduate of the Finland Institute of 
Technology. 

Glenn Mather, Managing Director, Fibre Drum Mfrs. 
Assn., New York, N. Y., a 1913 graduate of the University 
of Chicago. 

James M. McClung, Assistant Plant Engineer, Champion- 
International Co., Lawrence, Mass., a 1936 graduate of Tufts 
College Engineering School. 

William C. McGinnis, Plant Manager, Continental Can 
Co., Inc., Los Angeles, Calif., a 1924 graduate of Carnegie 
Institute of Technology. 


Willie E. McGough, Engineering Dept., The Brown Paper 
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CURLATOR. 
Will Give 
YOUR PULP 
All These 
QUALITIES 


TURNS FINE 
SCREEN 


vi REJECTS INTO 
i VE QUALITY PULP 
INCREASES , | 
! CLEANLINESS, | | \ x 
ELIMINATES 
ay eee CURLATORS ARE IN PROFITABLE 
REDUCES DIRT 
OPERATION ON SULPHITE PAPERS... 
NM PAPERS seers TISSUE PRODUCTS 
: / Let us chow how Curlators can sto oent work for \ ‘ 
/ your mill. No obligation, of course. \ \ \ 
" / \ 
WRITE: we gladly offer our \ 
/ engineering experience and know-how \ 
A to help solve your pulp problems. \ 
y Bulletin available. | rac 
| / | 
| 
/ | ; 
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Mill Co., Inc., Monroe, La., a 1951 graduate of Louisiana 
State University. 

Walter G. Meyer, Chief, Chemical Process Development, 
Crown Zellerbach Corp., Camas, Wash., a 1929 graduate of 
State University of Iowa, with a Ph.D. degree from Colum- 
bia University in 1935. 

Claude R. Mitchell, Chief, Analytical Research, Pulp & 
Paper Research Institute of Canada, Montreal, P.Q., Canada, 
a 1924 graduate of McGill University. 

Carroll C. Moore, Materials Engineer, Army Ordnance 
Research Laboratory, Watertown, Mass., a 1927 graduate of 
New Bedford Institute of Textiles and Technology. 

John W. Morrison, Chief Engineer, Gulf States Paper 
Corp., Tuscaloosa, Ala., a 1939 graduate of the University 
of Illinois. 

John C. Nelson, Chemist, Fox River Paper Corp., Appleton, 
Wis., a 1949 graduate of Wisconsin State College at Oshkosh. 

Teuvo O. Niemioja, Associate for Stream Studies on Pulp 
Mill Wastes, Sulphite Pulp Mfrs. Research League, Inc., 
Appleton, Wis., a 1941 graduate of the Technical University 
of Helsinki. 

Charles EB. D. Noel, Control Superintendent, Canadian 
International Paper Co., Montreal, P.Q., Canada, a 1927 
graduateof Paris University. 

John R. Parkinson, Student, The Institute of Paper 
Chemistry, Appleton, Wis., a 1951 graduate of Ohio State 
University. 

Sixto J. Peticchi, Professor, University of Los Andes, 
Merida, Venezuela, a 1952 graduate of the University of Los 
Andes. 

Earl W. Prince, Supervisor, Instrument Section, Champion 
Paper & Fibre Co., Hamilton, Ohio, a 1932 graduate of the 
R.C.A. Institute. 

Sven A. Rydholm, Research and Development, Pulp Dept., 
Billeruds A/B, Saffle, Sweden, a 1948 graduate of the Royal 

Iniversity of Technology. 

Kenneth F. Sawyer, Foreman, Great Northern Paper Co., 
KE. Millinocket, Me., a 1952 graduate of Colby College. 

Edward P. Schen, Technical Assistant to the Power Plant 
Superintendent, International Paper Co., Springhill, La., a 
1948 graduate of the University of Texas. 

William R. Sell, Paper Tester, Wausau Paper Mills Co., 
Brokaw, Wis. 

Raymond V. Shalvoy, Technical Director, Stecher-Traung 
Lithograph Corp., Rochester, N. Y., a 1947 graduate of the 
University of Rochester. 

Peter G. Sherry, Production Manager, Clondalkin Paper 
Mills Ltd., Dublin, Ireland, a 1945 graduate of the National 
University of Ireland with a Ph.D. degree. 

Wilkam H. Stone, Sales Engineer, National Starch Prod- 
ucts, Inc., New York, N. Y., a 1948 graduate of New York 
University. 

John R. Starin, Jr., Technical Service Engineer, Hercules 
Powder Co., Kalamazoo, Mich., a 1947 graduate of the 
University of Virginia. 

Lester M. Start, Jr., Sales Engineer, Black-Clawson Co., 
Hamilton, Ohio. Attended North Eastern University. 

Tryggve Z. Wiklund, Manager, Voikka Pulp & Paper Mills, 
Kymmene A/B, Kuusankoski, Finland, a 1921 graduate of 
the Technical University of Helsingfors. 

James E. Wilkinson, General Superintendent, Champion 
Paper & Fibre Co., Canton, N. C., a 1935 graduate of Vir- 
ginia Polytechnic Institute. 

Harry D. Wilder, Student, Institute of Paper Chemistry, 
Appleton, Wis., a 1955 graduate of the University of Wis- 
consin. 

Lloyd G. Williams, Project Engineer, Marathon Corp. of 
Canada Ltd., Marathon, Ont., Canada, a 1949 graduate of 
Queen’s College. 

Otto E. Wolff, Engineering Manager, Polaroid Corp., 
Cambridge, Mass., a 1930 graduate of Massachusetts Insti- 
tute of Technology. 
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Frank B. Younger, Manager, Gilbert & Nash Co., Appleton, 
Wis., a 1943 graduate of Ripon College. 


TAPPI Notes 


Daniel O. Adams, formerly of Bird & Son, Inc., is now 
Director of Research for West Virginia Pulp & Paper Co., 
Covington, Va. 

O. P. Aggarwala, formerly a Student at the University of 


Maine, is now with Parsons & Whittemore Co., located at 


Black-Clawson Ltd., London, England. 


Maung Mai Aung, formerly a Student at the New York | 
State College of Forestry, is now an Appraiser at the Custom | 


House, Rangoon, Burma. 

Lothrop B. Bartlett, formerly of the Great Northern Paper 
Co., is now Manager of Madison Mills, Economy Paper 
Corp., Madison, Me. 

Raymond Basso, formerly of Michigan Carton Co., is now 
a Technical Representative of the Buckman Laboratories, 
Memphis, Tenn. 

Benno J. Beau, formerly of the Jaite Co., is now Chemical 


Engineer for the Multiwall Bag Div., National Container | 


Corp. of Ohio, Jaite, Ohio. 

Robert S. Birch, formerly Student at the University of 
Maine, is now Sulphite Mill Engineer for the Donnacona 
Paper Co., Donnacona, P. Q. 


Kenneth G. Booth is now Manager of Administration 


Services, Central Research Dept., Crown Zellerbach Corp., 
Camas, Wash. 

Charles E. Bouts, formerly of the Central Paper Co., is 
now Engineer for the Southwestern Engineering Co., Los 
Angeles, Calif. 

Sidney G. Briscoe is now Sales Manager of Pusey & Jones 
Corp., Wilmington, Del. 

Duncan S. Brown is now Assistant to the Vice-President in 
Charge of Manufacturing of the Gardner Board & Carton 
Co., Lockland, Ohio. 

James 8. Brown, formerly of the Marinette Paper Co., is 
now Production Manager of the Scott Paper Co., Detroit, 
Mich. 

Karl EF. Buff, formerly of the Ruberoid Co., is now Con- 
sultant for Congoleum-Nairn, Inc., Kearney, N. J. 

Max Bunazl, formerly of Tissue Papers Ltd., is now with 
Papermax Ltd. and Paper Consultants Co., London E. C., 
England. 

Thomas F. Cass is now Senior Vice-President of the South- 
ern California Div., Container Corp. of America, Los Angeles, 
Calif. 

C. Wells Clark is now Chief Chemist of the St. Regis Paper 
Co., Deferiet, N. Y. 

Earl R. Clifford, Jr., formerly Physicist for the Dixie Cup 
Co., is now in the Research Department, Oxford Paper Co., 
Rumford, Me. 

Robert E. Collins, formerly of Sprout, Waldron & Co., is 
now Paper Mill Superintendent of No. 2 Mill, The Crossett 
Co., Crossett, Ark. 

Sydney Coppick, formerly of American Viscose Corp., is 
now a Group Leader for the Scott Paper Co., Chester, Pa. 

Paul I. Coughlin, formerly Student at the University of 
Maine, is now in the Technical Service Dept., Eastern Corp., 
South Brewer, Me. 

John W. Crosson is now engaged in Sales Development 
Work for the Brown Co., Boston, Mass. 

Mamerto Cruz, Jr., formerly Chemist with the American 
Viscose Co., is now with Olin-Mathieson Chemical Corp., 
Colloid Chemistry Research Dept., New Haven, Conn. 

Earl C. Cunningham, Research Engineer of the Pollock 
Paper Co., has been transferred from Middletown, Ohio, to 
Dallas, Tex. : 

Harold A. DeRice, Mechanical Engineer of W. H. Rambo 
eee is now with Sandwell & Co., Ltd., Vancouver, 

eGs 
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Tubing & 
Fittings 
@ 
Custom 
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© over 45 years service to the paper industry 


FABRICATORS FOR THE FELKER BROS. 

OIL + PAPER «- DAIRY 
CHEMICAL MANUFACTURING CO. 
MARSHFIELD ° 


WISCONSIN 


REPRESENTED BY 


DOUGLAS ROBBINS & CO. 


FABRI-VALVE CO. OF AMERICA 
Box 12, Route 1 2100 No. Albina Ave. 
Minooka, Illinois 


Portland 12, Oregon 


PEERLESS SUPPLY CO., INC. 
701 Spring Street 


Shreveport, Louisiana 


200 State Street 
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James G. Dunlap, Jr., formerly of the U. 8. Army, is now 
Chemist for the Rhinelander Paper Co., Rhinelander, Wis. 

Russell P. Erickson is now Vice-President in Charge of 
Engineering and Manufacturing for Rayonier, Inc., New 
Woks INGYE 

A. M. Fairbrother is now Assistant Division Manager of 
Champion Paper & Fiber Co., Canton, N.C. 

Roswell P. Fallon is now Assistant Superintendent of the 
St. Regis Paper Co., Deferiet, N. Y. 

Fred H. Freuler, Project Engineer of the West Virginia 
Pulp & Paper Co., has been transferred from Luke, Md., 
to New York, N. Y. 

Serge N. Gorbatsevich, formerly a Student at the New 
York State College of Forestry, is now Research Chemist for 
the Consolidated Water Power & Paper Co., Wisconsin 
Rapids, Wis. 

Francis P. Haszard, Assistant Manager of Bonar & Bemis 
Ltd., has been transferred from Vancouver, B. C., to Bur- 
lington, Ont. 

M. W. Hedden, formerly of the Racquette River Paper Co., 
may now be reached at Box 515, Mentone, Calif. 

Charles J. Higgins, formerly of the Dixie Cup Co., is now 
an Instructor in the Paper Engineering Dept., Lowell Tech- 
nological ¥nstitute, Lowell, Mass. 

Keith B. Johnson, formerly a Student at the New York 
State College of Forestry, is now Chemist for the Riegel 
Paper Corp., Milford, N. J. 

Morris W. Kane is now Technical Director of the KVP 
Co., Kalamazoo, Mich. 

Neils Klein, formerly of Charles Bruning Co., Inc., is now 
Director of Technical Papers for the Rising Paper Co., 
Housatonic, Mass. 

Albert J. Krusick, Salesman for Paisley Products, Inc., 
has been transferred from Cleveland, Ohio, to St. Peters- 
burg, Fla. 

Ralph M. Leighton is now Technical Service Manager of 
Stowe-Woodward, Inc., Newton Upper Falls, Mass. 

J. Bicknell Lockhart, Jr. of the Riegel Paper Corp. has 
been transferred from Riegelsville, N. J., to New York, 
N. Y., as Merchant and Industrial Sales Manager. 

George H. Martin, Chief Chemist of Fibreboard Products, 
Inc., has been transferred from Antioch, Calif., to the San 
Joaquin Div. 

Mrs. Jean Mater who recently received her Ph.D. degree 
from the Oregon Forest Products Laboratory is now a 
Consultant for the Mater Engineering Co., and the Mater 
Machine Works, Corvallis, Ore. 

James H. McClure is now Vice-President of W. C. Ritchie 
«& Co., Chicago, IIl. 

Leslie G. McCowan, formerly of the Sorg Paper Co., is now 
Paper Mill Superintendent of the Racquette River Paper Co., 
Potsdam, N. Y. 

Parker McIntosh is now Paper Mill Superintendent for 
Sterling Paper Mills, Inc., Kingsey Falls, P. Q. 

Carl Magnus, formerly Vice-President of Halltown Paper 
Co., is now a Management Consultant, Charlestown, W. Va. 

George S. Meehan of the St. Regis Paper Co. has been 
transferred from Herring, N. Y., to Pensacola, Fla., as 
Assistant Paper Mill Superintendent. 

Roy L. Miller of the St. Regis Paper Co. has been trans- 
ferred from Deferiet, N. Y., to Pensacola, Fla., as Technical 
Service Engineer. 

Walter B. Morehouse is now Assistant Vice-President and 
General Sales Manager of the Industrial Div., Nopco Chemi- 
cal Co., Harrison, N. J. 

Alfred E. Moyer is now Vice-President of the Snyder 
Chemical Corp., Bethel, Conn. 

John BE. Newman, Manager of the Wax Dept., American 
Mineral Spirits Co., has been transferred from New York, 
N. Y., to Rahway, N. J. . 

Remmelt Nijhuis, formerly with Patexol Products, Inc., 
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is now a Salesman for National Starch Products, Inc., High 
Point, N.C. 

Henry J. Ostrowski is now Technical Control Superintendent 
of the Paperboard and Container Testing Div., Hinde & 
Dauch Paper Co. of Canada, Ltd., Toronto, Ont. 

Raymond S. Owen, Management Engineer, has moved his 
office from 209 to 231 South La Salle St., Room 852, Chicago 
4, Ill. 


Arthur M. Patureau is now West Coast Manager of the | 


Pennsylvania Industrial Chemicals Corp., Los Angeles, Calif. | 
John H. Payne, formerly of Continental Foods, Inc., is now | 


Packaging Engineer for the American Sugar Refining Co., 


New York, N. Y. 


Franz J. Poschmann, formerly of Niederrheinische Papier- 


und Pappenfabrik A/G, is now with Badische Anilin und 
Soda-Fabrik A/G., Ludwigshafen/Rhine, West Germany. 

Robert H. Quick, formerly Student at The Institute of 
Paper Chemistry, is now a Project Chemist for the Pulp 
Div., Weyerhaeuser Timber Co., Longview, Wash. 

Sven Quist is now Procurement Manager for Sandwell & 
Co., Ltd., Vancouver, B. C. 

William A. Robinson, formerly of the Hawaiin Sugar 


Planters Association is now General Manager of the Valen- | 


tine Pulp & Paper Co., Lockport, La. 

Sven A. Salmonson, Consultant, formerly of Portland, 
Ore., is now located in Prince Rupert, B. C. 

George W. Sargent, Jr., formerly of the Ruberoid Co., is 
now Plant Engineer for Congoleum-Nairn, Inc., Cedarhurst, 
Md. 

Seppo M. Saukkonen, formerly of Metex Cooperative 
Corp., is now Assistant Technical Manager of Enso-Gutzeit 
O/Y, Kotka, Finland. 

Norman O. Seagrave is now President of the Port Huron 
Sulphite & Paper Co., Port Huron, Mich. 

George E. Scofield of Rayonier, Inc., has been transferred 
from Jesup, Ga., to Fernandina Beach, Fla., as Resident 
Manager. 

Raymond B. Seymour, formerly President of the Atlas 
Mineral Products Co., Newhall, Calif. 

William L. Schnorbach, formerly of the American Box 
Board Co., is now Assistant to the Manager of Development, 
Robert Gair Co., New York, N. Y. 

Ronald R. Schutts, Production Trainee of the Armstrong 
Cork Co., has been transferred from Pennsacola, Fla., to 
Macon, Ga. 

Donald W. Scottung, formerly Student at the University of 
Massachusetts, is now in the U.S. Army. 


Charles R. Stevens is now President of Charles R. Stevens, | 


Inc., Toledo, Ohio. 


Harold R. Stoakes, editor of the American Boxmaker is now 


located at 475 N. Santa Cruz Ave., Los Gratos, Calif. 


Charles R. Stones, formerly of William Kennedy & Sons, 
Ltd., is now with the Bowaters Corp. of North America, 


Montreal, P. Q. 
Frank L. Strand, formerly of the Gardner Board & Carton 


Co., is now Assistant Director of the Paper Products Applica- | 


tion Laboratory of American Cyanamid Co., Chicago, Ill. 
Edward J. Sullivan is now Manager of the Fine Papers 
Dept., Bowaters Paper Co., New York, N. Y. 


Pekka/Vakomies is now Assistant Chief Development | 


Engineer for Sandwell & Co., Vancouver, B. C. 


Jack T. Walker of the West Virginia Pulp & Paper Co. has | 
been transferred from Charleston, 8. C., to New York, N. Y. | 


as Manager of Research Development. 


Carl T. Welte is now Production Manager for the Champion 
Paper & Fibre Co., Canton, N. C. 


Jack W. Wilson, formerly Assistant Professor at the Uni- 


versity of British Columbia, is now Process Development 
Group Leader for Columbia Cellulose Co. Ltd., Prince Ru- 
pert, B.C. 

Leonard J. Wood, Jr., of National Starch Products, Incr 
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Progress Marches On 


Evidence that progress marches on is sup- 
ported by some recent research and de- 
velopment triumphs at Orr — triumphs 
proving exceptionally helpful to some 
mills—could be equally helpful to many 
others—to wit: 


An-Bac, a specially treated line of felts 
that successfully combats bacteria— par- 
ticularly damaging during week end shut- 
downs—damage that shows up in the 
form of premature holes and rotted edges. 


Orr-Chem, another special line that is 
chemically treated to offset the ruinous 
effects of alkaline damage—contact with 
chlorine, muriatic or sulphuric acid. 


Let us repeat. Those two special type felts 
are already helping a long roster of mills 
and they could also help you—slash your 
annual felt bill far more than you realize. 


Also standard felts for mills where bac- 
teria or acid contacts are no problem. 


THE ORR FELT AND BLANKET CO. 
Piqua, Ohio 


October 1955 Vol. 38, No. 10 


123 A 


has been transferred from Boston, Mass., to New York, N. Y., 
as Supervisor of Paper Technical Service. 

Robert N. Zabe, formerly Associate Professor of Western 
Michigan College, is now an Engineer in the Pulp and Paper 
Section, Chas. T. Main, Inc., Boston, Mass. 


my eg eS 


Wilhelm Grunewald, Managing Director, has succeeded 
Friedrich Klein, retired, as the official corporate representative 
of Feldmuhle Papier und Zellstoffeverki A/S. Dusseldorf, 
Germany, in the Technical Association. 

R. S. Jobin, Technical Manager, has succeeded G. J. 
Schmitt, Secretary, as the Official Representative of Tasman 
Pulp & Paper Co. Ltd., Aukland, New Zealand, in TAPPI. 


Industry Notes 


PRODUCTION 


At the close of the first half of 1955, the industry had 
achieved a production of 14,700,000 tons, an advance of 11% 
over the comparable 1954 period. Thus it was clear that, bar- 
ring a pronounced slow-down in the current pace of industrial 
and commercial activity, the total output of paper and board 
would for the third successive year be at anew high. One can 
only conjecture what will be the final result, but the recent 
indication by a major manufacturer of automobiles that dur- 
ing the third quarter assemblies will be maintained at a level 
substantially higher than was previously anticipated, and the 
secondary effects of such a change in plans upon the activity 
of steel manufacturers and other suppliers, should lend ad- 
ditional strength and support to the economy during the 
present quarter and heighten this industry’s prospects for a 
production approaching 29 million tons. 

Perhaps of significance equal to the above is the fact that 
in the second quarter, mills, although operating at somewhat 
less than full capacity, produced at an annual rate of more 
than 30 million tons. The latter fact, coupled with the pros- 
pective production for the year, is of such proportion as to 
possibly warrant a recasting of the industry’s current think- 
ing with regard to future supply and demand schedules for its 
products. 

During the first 6 months, all major segments, save build- 
ing paper, produced at record breaking rates, improvement 
over the same period of 1954 ranging from 4.5% for tissue 
paper to 25.8% for newsprint. 

Paper and board production during June amounted to 
2,548,439 tons, according to the Bureau of the Census, De- 
partment of Commerce. This was 12% above the 2,276,510 
tons produced in June a year ago. Paper production 
amounted to 1,075,689 tons, which was 11% above the 967,231 
tons produced in June a year ago. The output of paperboard 
during this month was 1,190,751 tons reflecting an increase 
of 15% over the production of 1,038,252 tons reported during 
June 1954. 


PULPWOOD 


Total receipts of pulpwood for 1955 through May 
amounted to 12,765,000 cords, an increase of 1,658,000 cords 
above the comparable 1954 period. Receipts of domestic 
pulpwood increased 1,555,000 cords and imports were up 
103,000 cords. 

In line with continuing high wood pulp production, con- 
sumption of pulpwood in the first 5 months of this year rose 
to 13,648,000 cords, an increase of 1,769,000 cords above 
consumption for the comparative months last year. 


Woop Pup 


May production of wood pulp reached a record high of 
1,788,000 tons. For the January—May period, production 
totaled 8,501,000 tons, an increase of 1,058,000 tons above 
production for the comparable period in 1954. 
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Wood pulp consumption continued at a high rate in May 
and for the first 5 months of this year was 8,737,000 tons, an 
increase of 953,000 tons above the comparative months last 

ear. 
: Imports of wood pulp for 1955 through May were 858,187 
tons, an increase of 58,930 tons. Imports from Canada 
increased 67,153 tons, while shipments from overseas were 
down 8223 tons. 

Exports of wood pulp for the January—May period this 
year were 270,532 tons based on preliminary census data. 
This was an increase of 151,113 tons above shipments for the 
comparable months last year. 


NEWSPRINT 


Production and shipments of newsprint in North America 
during July, 1955, amounted to 614,906 tons—an all-time 
July record—and to 624,081 tons, respectively, compared 
with corresponding totals of 603,057 tons and 581,037 tons in 
the same month of last year. Output in the United States 
was 124,501 tons—the largest July volume since 1926—and 
shipments were 121,679 tons while Canadian (including New- 
foundland) production amounted to 490,405 tons and ship- 
ments to 502,402 tons. 

Through the end of July this year United States mills 
turned out 185,614 tons or 27.5% more newsprint than in the 
first 7 months of 1954 while output in Canada also was 105,- 
680 tons or 3.1% greater than in the corresponding period of 
last year, thus the continental increase totaled 291,294 tons 
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W ASTEPAPER 


Eastern mills purchased more and consumed more waste- 
paper in July, 1955 than during any previous July in the last 
10 years except 1951. While consumption in July was 30% 
below June of this year, it was only 5.8% below the tonnage of 
paperstock consumed by the mills of the East in July, 1951, 
the year that topped all previous ones for wastepaper con- 
sumption. 


Mrxtico 


Contracts for the building of the first newsprint mill in 
Mexico which will be one of the largest in South America, 
have been signed in Mexico City. The construction of the 
complete mill has been awarded to The Parsons & Whitte- 
more Organization, New York, N. Y. 
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Site at Tuxtepec in Mexico where a newsprint mill will be 
erected by the Parsons & Whittemore Organization 


The mill will be owned by Fabricas de Papel Tuxtepec 8.A. 
de C.V., and will be located in Tuxtepec, State of Oaxaca, 
about 400 miles south of Mexico City. It will produce 33,000 
short tons (or 30,000 metric tons) of newsprint a year, using 


Mexican pine as the raw material. This is about half of the ° 


total annual newsprint requirements of Mexico. 

A further mill of similar size, to be located in the State of 
Michoacan, near the town of Uruapan, about 200 miles west 
of Mexico City, is contemplated. 
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Dixie Cup Plants 


Arabol Plants and 
Warehouses 


Ars a Dixie Cup goes a variety of hot 
and cold foods and drink...Cokes, soda 
and malteds in the flat bottom cold drink 
cup shown above for the younger set — 
in many other sizes and types, a wide 
selection of packaged foods for the home. 
In the relatively few years since the Dixie 
Cup Company created the first paper cup, 
the Dixie Cup has become a national 
institution. 

Today, the Dixie Cup has an every-day 
role in Industry, too. Blanketing the 
United States, five Dixie Plants turn out 
the many different sizes and types of Dixie 
Cups used by Industry for serving food 
and drink. Dixie Cups assure clean, safe 
service at water coolers, in cafeterias and 
restaurants, in automatic drink vending 
machines, for pre-packaged foods, and for 
a variety of other important uses. 

Into the making of a Dixie Cup go 
science and skill born of many years’ ex- 
perience; the finest modern machinery; 
raw materials to feed these machines — 
carefully selected paper, ink and adhesives. 

On the subject of adhesives, Dixie says, 
“Arabol Adhesives meet the exacting qual- 
ity requirements which make Dixie Cups 
perfectly safe and economical for both 
Industrial and home use!” 

The multi-billion dollar Paper Convert- 
ing Industry is one of a hundred industries 
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in which Arabol is privileged to serve the 
leaders. In 69 years of pioneering, more 
than 10,000 adhesives formulas have been 
developed in our five laboratories — each 
meeting a specific need for a special ad- 
hesive in some step of a customer’s oper- 
ation. 


Somewhere in your business, you use 
adhesives for the making, labeling, pack- 
aging or shipping of your product. The 
cost of fine adhesives is low — so low, in 
fact, that you can easily afford adhesives 
made to your specifications for each of 
your requirements. 


Somewhere near your business, one of 
seven Arabol plants and four warehouses 
stands ready to supply your regular ad- 
hesives needs — to furnish prompt and effi- 
cient help in meeting your new ones. And 
in the event of disaster or economic need 
in One area, you are served from another 
plant; you are assured of uniform quality 
and service. 

We invite the opportunity to submit 
samples for you to test in your own plant 
—under your particular working condi- 
tions —for your specific requirements, 
whatever their nature. That is the one kind 
of testing that assures you of satisfactory 
results. Your inquiry to Department 38 
will bring a prompt response. 
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INSTRUMENT for Testing smoothness 


Simply interchanging the 


lower test plates of the 
Gurley-Hill S-P-S Tester 


converts this instrument for 


testing smoothness, porosity 


or softness of any printing 
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Meets TAPPI and ASTM 
“Suggested Method for 
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or porosity. 


Write for Bulletin 1400, 
describing complete line of 
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The total cost of the Tuxtepec mill is estimated at about 
$12,000,000, and is expected to be in operation by the end of 
1957. It is a joint venture of Mexican and American in- 
terests, with financial assistance of Nacional Financiera §.A., 
Mexico City, and the Bank of America N.T. & $.A., San 
Francisco. 


BELGIUM 


Expansion of the capacity of the paper industry has been 
undertaken both in the newsprint sector by Papeteries de 
Belgique, which hopes to be able to double its present capacity 
of around 57,000 metric tons during 1956, and in the kraft 
paper sector by Papeteries de Genval, which has invested in a 
machine capable of producing kraft paper starting from wood, 
understood to be the only one of its kind in Benelux. 


CANADA—-NEWFOUNDLAND 


The government of Newfoundland appointed, in February, 
1954, a Royal Commission on Forestry “... to examine into 
the forestry resources of the Province of Newfoundland with a 
view to their fullest utilization ...,’’ and to make recom- 
mendations on the efficient long term development of this 
premier source of provincial income. 

The report places income derived from forest exploitation 
in first place among all sectors of the economy. Income from 
all woods operations and the pulp and paper industry amounted 
to $64,200,000 during 1951, 31.6% of the total income. 
Mining was second with $25,150,000 (12.3%) and fishing 
third with $20,000,000 (9.8%). The commission concludes 
that the pulp and paper industry should receive the main 
emphasis in government policy regarding the provincial 
forests, since it converts into newsprint and wood pulp the 
materials which those forests are naturally suited to produce. 
It recommends the strictest subordination of all other uses of 
the forest to the needs of the pulp and paper industry. 

Newfoundland softwoods support the programs of two 
large pulp and paper companies. The larger, Bowater’s 
Newfoundland Pulp and Paper Mills, Ltd., has its mill at 
Corner Brook, on the west side of the island. The Anglo- 
Newfoundland Development Co. mill is located at Grand 
Falls, on the Exploits River in north central Newfoundland. 
Both companies operate under provincial agreements very 
favorable to them financially. Among all Canadian pulp and 
paper companies only these two acquire pulpwood from 
public lands without payment of stumpage, the payment to 
the provincial government for trees on the stump to which 
title is vested in the province, though derived from the 
Crown. 

A continuing forest reserve for long-term use in the pro- 
duction of newsprint and pulp depends upon proper balance 
of trees according to age. On the assumption that balsam 
fir matures in 60 years and black spruce in about 80 years, 
the commission has confirmed a serious imbalance in the dis- 
tribution of pulpwood trees by age-class. With the added 
susceptibility of overage trees to insects and disease and the 
estimated unusable surplus of overmature timber, the Com- 
mission members regard the removal of all mature and over- 
mature stands in 35 years as a pressing necessity. 

Overage is not the only problem. It is estimated that the 
annual fire loss of softwood in Newfoundland is 75,000 cords. 
Blowdown and insects account for 10,000 more. Still, 
carrying out the proposal for removal of all presently mature 
and overage timber in the next 35 years will results in a 
surplus of 200,000 cords of pulpwood each year being made 
available above the foreseen needs of existing industry, plus 
100,000 cords for export annually until 1990. To use this 
surplus, which otherwise would become overmature and be 
lost, a third mill is proposed. The suggestion that a group of 
small mills be erected is rejected on the grounds of excessive 
cost and inability of small mills to diversify their product. 

The commission recommends that the operations of the 
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third mill not be confined to Crown lands, since they are too 
widely dispersed and the operations would be unattractive 
financially. The commission is attracted to the idea of a 
pooling or exchange of wood by the two companies and urges 
the government to acquire additional areas of forest land, by 
revestment of Crown lands from the companies (if not op- 
erated in accordance with the grant), and by acquisition 
agreement or expropriation when necessary in case of free- 
holds. ‘The woods resources should be pooled, though this 
would not necessarily involve changes in the legal status of 
the holdings. By addition of necessary Crown lands areas, 
all three mills would obtain wood under one combined op- 
eration with a unified over-all working plan. The com- 
mission’s views on liquidation of the old stand in 35 years 
depend in part on such a combined operation. 


Labrador 


The removal of excess old timber through the next 35 years 
will produce an annual domestic surplus of about 200,000 
cords above foreseen drain. By 1990 the estimated annual 
drain (including unsalvable losses) will be 1,510,000 cords, as 
against annual growth potential of at least 1,470,000 cords 
annually. This future excess of drain over growth is to be 
limited by resorting to Labrador after 1990 as a supple- 
mentary source. Likewise, if expansion of the proposed 
third mill beyond recommended capacity within the next 35 
years is contemplated Labrador will have to be considered as 
a reserve source of supply. 


CUBA 


The promoters selected central Progreso, near Cardenas, 
as the site for a new bagasse plant, because one of the ‘‘musts”’ 
for successful paper manufacture is to have abundant raw 
material close by, tegether with a short haul to tide-water and 
sufficient water for manufacturing purposes. 

It will begin by producing newsprint in bobbins, of which 
Cuba imports around 30,000 tons per year; and possibilities 
for this commodity are enormous, since the world is asking 
for more and more newsprint and forest reserves dwindle, 
year by year. 


AUSTRIA 


Austrian per capita consumption of paper and cardboard in 
1954 was about 31 kilograms (68 lb.), or 24% higher than in 
1953, and 55% higher than in 1937, the last prewar year. 
This increase was largely the result of successful publicity 
drives aiming at an improvement of the Austrian standard of 
packaging. 

These drives were started because of the extremely small 
use of paper for wrapping purposes in Austria, and met with 
unexpected response. Incoming orders increased sporadi- 
cally and could, at times, not be met immediately. Sec- 
ondly, the normalization of daily life, the higher educational 
level of the Austrian population, as well as the successful 
efforts of the export-minded paper converting industry, 
brought about a higher consumption of other paper grades, 
such as graphic paper, etc. 

In spite of the remarkable increase of total paper and card- 
board consumption in 1954, Austria—although being a paper 
producing country and one of Europe’s most important paper 
exporters—still has one of the lowest per capita consumption 
rates in Europe. An increase of the present rate to the 
West European average of about 50 kg. per head of population 
would involve a reduction of Austrian paper and cardboard 
exports from presently 53 to approximately 20% of the pro- 
duction volume (50 kg., 110 Ib.). 

As compared with 1953, exports of pulp, paper, and card- 


‘board, in terms of physical quantities, increased in 1954 by 


20, 27, and 29% respectively. As in previous years, these 


products were shipped to about 80 countries all over the 


world. The most important customers of the Austrian paper 
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industry—in the order of their importance—were West 
Germany, Italy, Great Britain, Switzerland, India, Indonesia, 
Trieste, Netherlands, Australia, France, Greece, Brazil, and 
Yugoslavia. 

As in previous years no trade or barter agreement existed 
with Great Britain but business was maintained on the basis of 
a payment agreement. Although Great Britain usually 
restricts paper imports to small quantities of certain grades, 
Austria succeeded in expanding paper exports to this country 
in 1954 to 11,120 tons as compared with 4813 tons in 1953. 
Cardboard exports increased from 1189 tons to 1798 tons 
while pulp exports dropped from 3386 tons to 1839 tons. 

Austria continued its policy of protecting her domestic 
industry and increased custom duties for a number of paper 
grades during 1954. Nevertheless, Austria increased her 
exports from 1427 tons in 1953 to 7501 tons (paper and card- 
board only). At the end of the year, it became known that 
further increases of custom duties for products which are 
imported from Austria are planned for 1955. 

No further expansion of capacity is envisaged for 1955. 
Investments will largely be limited to maintenance and 
repair works; new equipment will be installed only for wet- 
barking, effluent purification and power plants. The build- 
ing of a small semichemical pulp mill (the first in Austria), 
which originally was planned to be completed in 1955, was 
not yet started at the time of reporting since the required 
credit was not yet granted by the government although the 
project was approved in principle. It is estimated that it 
will be started late this year. However, two more paper 
mills recently filed credit applications for the erection of sem1- 
chemical pulp mills but of larger capacity. These projects 
are likely to be disapproved by the government because of 
the increase in wood requirements involved. 


ITALY 


A good index to the state of the national economy, the 
paper industry in Italy has been stimulated since the war by 
an ever-rising level of business activity and income which has 
prompted a considerably wider use of paper products. As a 
matter of fact, domestic demand has been maintained at a 
rate in excess of the estimated annual increment of 50,000 tons 
in national productive capacity, with the result that the ratio 
of production to capacity has been steadily narrowed until it 
reached approximately 92% in 1954. Capacity is slated for 
further expansion during the current year from 1954’s 
800,000 tons to levels variously reported as between 850 and 
900 thousand tons. Imports were contained to the point 
where they amounted to less than the increase alone in do- 
mestic output during the year, while exports, although con- 
siderably smaller in volume than imports, were nevertheless 
vigorously improved. 

Increased production was made possible by continued 
supply of new equipment, improved manufacturing tech- 
niques and additional plants. As of August 31, 1954, there 
were 320 paper mills in Italy, of which only 11 were inactive; 
these figures compare with 294 mills at year’s end in 1953 
of which 13 were inactive. 

Every branch of the Italian paper and cardboard industry 
bettered its production during 1954, in contrast to the prior 
year when wrapping paper output had declined. Mention, 
however, should be made of the notable advance scored by 
the catch-all sector labelled “other types of paper’? which 
amounted to 126,000 tons in contrast to 101.3 thousand tons 
in 1953. This sector includes “straw” paper which accounted 
for 76.3 thousand tons of the 1954 total. In addition to 
straw paper products, numerous miscellaneous articles—to 
an increasingly greater extent innovations encouraged by a 
rising standard of living—have been placed on the market. 
Among these items may be listed waxed paper, cardboard and 
paper plates, silvered paper plates and trays, paper cups, 
paper napkins, sanitary paper, etc., all of which are not in 
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every instance new to the local market but are appearing in 
better quality, quantity, and styles, in response to a fairly new 
and insistent demand. 

The theoretical per capita consumption of paper products 
(based on a population of 48 million) once again was inten- 
sified, amounting to 16.1 kilograms (35.4 Ib.) as contrasted to 
14.8 (32.6 lb.) in 1953. While this level is still considerably 
below that of other western nations, it is important to stress 
that Italy’s rate of advance during these past several years 
has been well in excess of the general world average if pro- 
duction figures are taken as a guide. 

Demand for paper products in Italy during 1954 was in 
most respects the result of a rising standard of living which 
not only expanded the base of the potential buying public, 
but also augmented the variety of its requirements. The 
intensification in over-all industrial output has also created a 
wider need for paper and cardboard products, especially for 
packaging. The gradual evolution of the substandard 
Italian southlands must likewise be accorded its share in the 
accelerated demand for paper. Furthermore, in the wake of 
higher income have come advances in sanitation and more 
exacting municipal regulations for the packaging of food, 
developments which are being encouraged by paper manu- 
facturers. 

Once again, the increased need for pulp was satisfied chiefly 
by a greater volume of imports, which were enhanced 25% 
during 1954 to a record 231,554 tons in contrast to a national 
production of 250,878 tons (up by only approximately 5000 
tons from the preceding year’s output). In other words, 
imported pulp now accounts for 48% of the quantities con- 
sumed by the local paper industry. 

The entire increase was represented by chemical pulp 
(cellulose), of which roughly two thirds was imported, as 
compared with mechanical pulp which is mostly obtained 
from domestic sources. The reason for this interesting de- 


velopment is not entirely clear, since both types of pulp are 
considerably cheaper when imported. Trade sources con- 
sulted, however, explain that, in general, mechanical pulp is 
derived from poplar and other timber which are in reasonably 
plentiful supply in this country and of fair quality, so that 
many of the leading paper mills produce their own require- 
ments of this commodity. The reverse, however, is re- 
portedly true of chemical pulp which is processed from timber 
of lower quality in Italy and is therefore less desirable than 
that available in Scandinavia, Germany, and Austria. As a 
result, Italian paper mills are said to prefer foreign cellulose, 
and increasing paper production needs have resulted in a 
very notable expansion in such imports from a level of 
119,953 tons in 1952 to 214,277 tons in 1954. This pref- 
erence is expected to continue, so that domestic cellulose 
productive capacity is maintained mostly as a hedge against 
unfavorable developments in international price and supply. 

The heavy growth of imports of finished paper products 
during 1953 was arrested in the following year, when a slight 
actual drop (the first recorded since 1949) took place, the 
total amounting to 54,801 tons in contrast to 55,979 tons in 
1953. Although local trade sources still complain of the 
serious inroads of foreign competitors, it is worth while to 
place the situation into perspective by noting that the ratio 
of imports to national output was only 7.4%. 

Declines were registered in every category, including news- 
print, with the sole exception of kraft paper and cardboard. 
Moreover, last year’s well-publicized charges of ‘dumping”’ 
by Austria and the Soviet bloc nations upon the Italian mar- 
ket have been quietly dropped this year. Nonetheless, 
the association maintains that the industry is seriously 
menaced by imports, liberalized since 1952 (except from the 
dollar area), and unfailingly renews its requests for higher 
tariff protection, or deliberalization. 

The success of the Italian paper producers in curbing the 
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previous year’s relatively heavy expansion in imports—up 
from 1952’s 27,774 tons to 55,979 tons the following year—is 
officially ascribed entirely to more competitive Italian prices. 
The undoubted assistance afforded by the 2% increase in 
duties, although admittedly limited, is not mentioned. 
Nevertheless, it is true that while quotations on the domestic 
market rose by only 1.9% on the average, the general value of 
imported paper products advanced 5.4%. 

The principal suppliers of finished products were, as usual, 
Germany, Austria, and Scandinavia. Imports from the 
United States were augmented from 1953’s extremely low 
mark of 996 tons to 1553 tons of paper and cardboard items. 
This slight increase is not significant in relation to the total 
quantity of imports; moreover, the United States has never 
been an important supplier to Italy in this line because of 
strong European competition and difficulties in the release of 
dollar exchange. Nevertheless, there is reported to be a 
potential, if limited, market for United States paper goods, 
provided prices are favorable, quality high, and of tech- 
nically more advanced types, particularly if not easily pro- 
curable elsewhere. 

Although exports play a minor role in the Italian paper 
products industry, a very notable upsurge in the volume of 
exports occurred during the year under review, rising from 
12,224 tons in 1953 to 19,412 tons. This development has 
been especially welcome since it reversed a sharply downward 
trend recorded since 1951, and has been continued into 1955, 
with exports for the first 3 months registered at double the 
volume of those of the corresponding period of the last year, 
at an annual rate close to 1952’s. 

The principal reason for this satisfactory performance is 
the steep cut in export prices which the Paper Association 
estimates at 10%. Lower prices presumably resulted in 
substantially bigger shipments to the United Kingdom, 
The Netherlands, and Syria. 

An action of prime significance to the industry was under- 
taken by the Italian government when it approved, on 
July 31, 1954 (Law No. 570), the reimbursement of 2% of the 
LG.E. (general transactions tax) on all exports of paper and 
cardboard products. However, this measure, enacted in 
response to the strong pressure of the industry for financial 
assistance in counteracting foreign competition abroad, was 
considerably vitiated, in its viewpoint, by the concurrent 
imposition of a 1% duty levied on all pulp imports. More- 
over, since the I.G.E. tax is reported to vary between 3.88 
to 5.19% the much sought for aid is alleged to be more 
illusory than real. At the same time, the government in- 
troduced a 2% duty on all paper and cardboard imports 
(a so-called “imposta di conguaglio”). Both the 2% impost 
on finished products and the 1% duty on raw material supplies 
were, curiously enough, justified under the guise of financing 
the reimbursement of a tax, which, however, is presumably 
collected, and which itself ranges from close to 4 to over 5%. 
Taking the government’s reasoning at face value, it would 
appear that the state has simply added to its revenue by a 
measure which will probably raise the cost of both the im- 
ported and domestic product, but provide little financial 
succor to the industry on foreign markets. Its chief value 
seems to be the unstated one of protectionism which increases 
the tariff on imported paper articles by 2%. 


N®THERLANDS 


Production in the pulp and paper industry rose by about 
10% over 1953 mainly due to an increase of approximately 
16% in the production of wrapping paper. Exports, how- 
ever, declined, but this was more than offset by steadily 
increasing domestic sales. The large domestic demand also 


required a further increase in the already high level of im- ° 


ports. The price level for pulp continued to increase con- 
siderably throughout the year but there was no significant 
corresponding increase in price levels of paper products 
because of the existence of a price arrangement between pro- 
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ducers and wholesalers. In addition, the high level of sales 
made it possible to avoid a revision of the price arrangement. 
The outlook is promising because of ever-increasing world 
demand. A new paper plant with a capacity of 15,000 tons 
will be opened this year and existing plants are also increasing 
their productive capacity. 


Norway 


A development of far-reaching significance for the Nor- 
wegian pulp and paper industry occurred toward the end of 
December, 1954, when the firm A/S Union, Norway’s leading 
manufacturer of cellulose and newsprint, produced news- 
print from sulphite pulp made from pine. It was the first 
“pine sulphite” pulp (and consequently the first newsprint 
made from “‘pine sulphite” pulp) ever manufactured in Nor- 
way, and among the first produced anywhere in the world. 

The significance of this development is obvious. The 
Norwegian industry has for several years been in the throes of 
a mounting timber crisis. In order to preserve its dwindling 
timber reserves it has been necessary for Norway to restrict 
the size of its annual timber cut at a time when the raw 
material requirements of the domestic pulp industry have 
been increasing steadily. In 1954, for example, only about 
3.5 milfion cubic meters of the restricted 1953-54 timber cut 
were allocated to the pulp mills; during the same period, the 
Norwegian wood pulp industry consumed an estimated 
4.8 million cubic meters of pulpwood, while producing an 
all-time record amount of chemical and mechanical pulp. 
Stocks of pulpwood, already drastically reduced during 
1953, were reduced even further, and it was necessary for 
Norway to import at least 500,000 cubic meters of pulpwood 
from Finland and Sweden at considerable expense. The 
rest of the deficit was made up in the increased utilization of 
small-dimensioned timber, logging waste, and even deciduous 
wood for the production of wood pulp, and in the rationaliza- 
tion of many industrial operations. Heretofore the pulp 
industry has been dependent largely on spruce timber, of 
which the domestic supply is limited, while the pine forests 
have not been exploited to their fullest capabilities. In 
Norway, pine responds more favorably to forest regeneration 
than spruce and can be grown on poorer soil. If full use can 
be made of the “pine sulphite” process in Norway, more 
spruce can be made available to the rapidly-expanding 
mechanical pulp industry, imports of pulpwood can be cor- 
respondingly reduced, a new element of rationalization can 
be introduced in forestry, and increased quantities of pine 
can be utilized in the production of valuable finished goods to 
the benefit of the Norwegion economy. 

According to published information, A/S Union intends to 
convert its Skien chemical pulp plant entirely to the pro- 
duction of sulphite pulp from pine in the second stage of 
reconstruction now under way. The plant will be designed 
to convert 125,000 cubic meters of pine annually, freeing an 
equal quantity of spruce for conversion to mechanical pulp 
at the company’s grinding mill in Skien. The above-men- 
tioned quantity of pine timber is reported to be available in 
surrounding Telemark county and the promise of its pro- 
curement has been welcomed enthusiastically by the forest- 
owners in that area. A/S Union is also reported to be con- 
sidering the acquisition of a new paper machine capable of 
producing 50,000 metric tons of newsprint per year to be 
devoted to the production of paper from its pine sulphite 
pulp. (For the time being the company is using one of its 
other paper machines part time in the production of news- 
print from pine sulphite.) The cost of such a machine is 
estimated at between 40 ($5,600,000) and 50 ($7,000,000) 
million kroner. The magnitude of such a decision is il- 


lustrated by the fact that the Norwegian paper industry has 
‘been able to afford only two new paper machines since World 


War II. The addition of a 50,000-ton newsprint machine 
would increase the newsprint capacity of A/S Union by about 


50%. 
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SoutH AFRICA 


The growth of the Union’s pulp and paper industry has 
beenparalleled in recent years by an expansion in the coun- 
try’s paper and packaging requirements. As in the United 
States, the production, sale, and distribution of merchandise is 
requiring increased use of containers, wrapping paper, and 
packaging materials, and imports still account for the ma- 
jority of the paper consumed in the Union. The principal 
source of supply for kraft paper is Sweden. Newsprint is not 
produced in the Union of South Africa, the country’s current 
annual requirement of 57,000 short tons being supplied prin- 
cipally from Canada, the United Kingdom, and Norway. 

The Union’s first pulp mill was established in 1938. Until 
1949 soda pulp formed the bulk of the total pulp produced; 
in that year a new plant commenced production of me- 
chanical, defibrated, and exploded pulps. In the following 
year production of bleached sulphite pulp was started and by 
1951 total pulp production had reached a rate of 38,000 tons 
per annum. Further additions in recent years have brought 
domestic woodpulp production to a figure of 100,000 tons 
per annum. 

The most notable recent addition to South African pulp 
capacity is the Tugela River mill of South African Pulp and 
Paper Industries, Ltd., financed partially by the Govern- 
ment’s Industrial Development Corporation with a minor 
financial interest by Wiggins Teape and Co., Ltd., of London. 
The Tugela mill, which commenced operation in 1954, has 
a rated capacity of 30,000 tons of unbleached pulp. The 
corrugated box industry will use the bulk of the mill’s output, 
but wrapping, bag, and sack paper is also being produced. 
Meanwhile, the company completed an extension during 
1954 of its Enstra mill, near Springs, Transvaal, where 
current annual production consists of 30,000 tons of bleached 
pulp, producing printing, writing, and duplicating papers. 


SWEDEN 


The competition in Europe from North American pulp 
pr oducers, which pr eviously had caused such grave concern 
in Swedish trade circles, seems not to have had any price- 
depressing effect in the European market so far. The 
consensus in Swedish industry circles seems to be that the 
current high rate of European paper mill operations has 
created a pulp demand large enough to absorb all the Swedish 
pulp that becomes available for export this year in addition to 
the tonnages that North America may be expected to ship to 
Europe in 1955. 

Large-scale production and shipments also highlighted 
developments in the Swedish paper and board industry during 
May. The outputs of most mills are reported to be booked up 
for months ahead but the shortage of skilled labor is said to be 
preventing full utilization of productive facilities. Sweden’s 
paper exports were maintained at a high level in May. In 
that month the market outlook improved further, following 
the announcement by the British Board of Trade of increased 
import quotas for several types of paper and board during the 
second half of 1955 and a promise of the French Government 
to consider a reduction in the import tariff rate for paper from 
15 to 7% ad valorem. 


West BERLIN 


No paper mill existed in Berlin before the war. The large 
quantities of waste paper available in West Berlin could only 
be utilized in the Federal Republic of Germany or in the So- 
viet-occupied Zone when included in the annual Interzonal 
Trade Agreements. Therefore, it was of vital importance 
that the Gottwald & Co., Karton-und Papierfabrik GmbH 
should be erected, the owners of which are refugees from 
Silesia in the Soviet-occupied Zone. The firm began full 
operation during the early part of August 1954. Production 
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today, derived largely from the re-pulping of waste paper, 
amounts to 30 to 40 tons daily of wrapping paper and about 
40 to 50 tons daily of cardboard. The Gottwald paper mill 
uses exclusively waste paper and newsprint for the production 
of ordinary wrapping paper of various weights and colors 
(other than white). New cellulose from Scandinavia is only 
used up to 15% for the finer grades of wrapping. 


CANADA 


The question of seven-day operations in Eastern Canadian 
newsprint mills appears to have been shelved for this year. 
Most of the mills have signed new contracts with the Inter- 
national Brotherhood of Pulp, Sulphite, and Paper Mill 
Workers, but none call for a seven-day week. The question 
of continuous operation was raised during negotiations with 
several companies. 

Canadian paper production data for 1954 were as follows: 
production, 7,642,000 tons; imports, 150,000 tons; exports, 
5,661,000 tons; apparent consumption, 2,131,000 tons; per 
capita consumption, 280.3 lb. 

The 500-ton pulp mill being constructed in Alberta by St 
Regis Paper Co. and North Canadian Oils, Ltd., is scheduled 
for completion early in 1957 at a cost of $33.5 million. The 
mill is to be powered by gas piped 136 miles through a 10-in. 
line. 


GREAT BRITAIN 


The British government’s control over the number of pages 
the country’s newspapers may print will end in March, 1956, 
after more than 15 years of rationing. 


MicuHiGan 


Backed by substantial help from forest industries, the Lake 
States forest survey, directed by the Lake States Forest Ex- 
periment Station and the Michigan Department of Con- 
servation is well along with field work in Michigan. Field 
crews expect to complete their upper peninsula assignments 
by December, 1955, and results of the inventory should be 
summarized by early spring. Three reports for four counties 
have already been released. Private companies which have 
contributed financially te expedite the Upper Peninsula sur- 
vey include: 

Kimberly-Clark of Michigan, Inc., Neenah, Wis. 

Escanaba Paper Co., Escanaba, Mich. 

Badger Paper Mills, Inc. , Peshtigo, Wis. 

Manistique Pulp & Paper Co., Manistique, Mich. 

Marathon Corporation, Menasha, Wis. 

Charmin Paper Mills Co., Green Bay, Wis. 

Green Bay Paper & Pulp Co., Green Bay, Wis. 

Scott Paper Co., Detroit, Mich. 

Kingsford Chemical Co. , ron Mountain, Mich. 

Peterson Brothers, Carney, Mich. 

Larson Brothers, Rock, Mich. 

Michigan Pole & Tie Co., Newberry, Mich. 

F. P. Furlong Co., Newberry, Mich. 

Barrett Logging Co., Newberry, Mich. 

Russell Watson, Manistique, Mich. 

In the lower peninsula, where field work was completed 
last fall, three reports covering 30 counties have been pub- 
lished. In this part of the state the American Box Board 
Co. has participated in a substantial way since 1950, according 
to Mr. Dickerman. 

The survey, when completed, is expected to provide a 
basis for planning improved utilization of the forest resource 
of Michigan and may point the way for developing forest 
industries in certain areas. 


Missouri 
- Kansas City affords a good potential location for a mill 
- producing container board and boxboard for the manufacture 
of paperboard boxes, according to a study completed recently 
by the Midwest Research Institute, Kansas City, Mo. 
A thorough market study conducted in the Kansas City 
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area by the Midwest staff revealed that present container 
board and boxboard mills are producing only about 400 tons 
per day, while demand for such products is approximately 
1200 tons per day. Furthermore, it is pointed out that the 
demand for boxes may be expected to keep pace with the 
swiftly increasing industrial, wholesale, and retail activities of 
the area. 


PENNSYLVANIA 


Pennsylvania’s Clean Streams program has greatly im- 
proved the Brandywine Creek through the installation of 
waste treatment facilities in plants and municipalities on the 
stream. Facilities are in operation at the paper mills of S. 
Austin Bicking Co., Downingtown Paper Co., Eagle Paper 
Co., The General Paper Co., and the Modena Paper Co. 


Waste UTILizATION 


Of each tree felled in the forest, less than 50% ever reaches 
the market. However, recent advances in waste utilization 
are steadily raising the percentage of usable fiber. Forty 
per cent of the pulp produced in the Northwest is obtained 
from sawmill residues, the hard board industry is using in- 
creasing quantities of residues and low-grade timber, and chem- 
icals, soil improvers, and fuel briquettes are being made 
from sawdust. 


Forest Propucts INDUSTRY 


Forest products ranks among United States’ six largest 
manufacturing industries, according to the latest, 1952, 
Bureau of Census statistics. The others are food, clothing, 
metal products, machinery, and transportation. Its more 
than 40,000 establishments, exclusive of an additional esti- 
mated 60,000 small sawmills scattered throughout the length 
and breadth of the land, ranks it first in total number of 
plants. It ranks fifth in persons employed, 1,557,000; and 
sixth in value added by manufacture, over $9 billion. 


RepucinG MAcHINE Room Noise 


The paper industry may be on the verge of discovering 
better means of eliminating machine room noise. 

A new suction roll “silencer” is being tested on one of 
Canadian International Paper Co.’s biggest newsprint ma- 
chines at Gatineau, Que. 

Canadian researchers are convinced that paper can be 
made efficiently on a silencer-equipped open machine. The 
actual design by the National Research Council in Ottawa 
was not announced, pending patents, but it already had 
proved successful on a laboratory model suction roll. The 
commercial size installation is one of four Gatineau 
271'/.-in. fourdriniers. The mill has two smaller machines, 
also. 

Another type of silencer applicable only to machines 
equipped with vacuum transfer and tested on another Cana- 
dian machine with sheet running into the pit, was reportedly 
highly successful. It was to have a mill trial at Quebee North 
Shore Paper Co., Baie Comeau, on a high-speed vacuum- 
transfer equipped couch. 

A few newsprint companies such as Powell River Co. have 
been making independent tests to supplement the project 
undertaken by National Research Council at Ottawa. 

The boxlike structure which houses the silencer apparatus is 
a relatively small object installed in the couch and while it is 
said to be a long way from the complete answer to the problem 
of machine room noise, engineers say it is promising. 

Several machine manufacturers have attacked this problem. 
Engineers at Beloit Iron Works, for example, have used latest 
recording and experimental instrumentation both in extensive 
laboratory setups and in actual mill situations. 

A primary consideration was to determine the exact nature 
of the sound and to completely explore the fundamental 
physics of its generation. This has led to several successful 
mill corrections. 
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Development work on models at Beloit and on rolls running 
in the field has proved that noise energy can be reduced on 
the order of 6 to 20 decibels, which in some cases reduces the 
sound beneath the level of background noise. 

Beloit engineers predicted that in the near future machine 
room noise can be effectively controlled. 


DIMENSIONAL STABILITY IN PAPER 


What is dimensional stability (or instability, if you like); 
why does it occur and what can you, the printer and buyer of 
printing, do about it? Unfortunately, only to the first of 
these questions can we give a definite answer. 

Dimensional stability (the potential changes which can take 
place in the sizes and shapes of paper) concerns stretch, 
strinkage, curl, creasing and other related bugbears, which 
are usually nobody’s fault and always everybody’s headache. 
They are, to date, one of the least understood of paper prob- 
lems, from the standpoint of all concerned. Much progress is 
being made, however, and the general directives which follow 
are the result of continuing study and experimentation. 

Probably the most significant advance so far is the basic 
recognition, by the printer, advertiser, and papermaker alike. 
that a very real problem does exist. If they were dealing 
with tin plate they would have little or no trouble. But 
paper is different. Paper is an extremely delicate, easily 
affected, “‘live’’ subject. In fact, it is more delicate, suscep- 
tible, and alive than many people realize. ‘Fiber and water,” 
held together in varying ratios by varying finishing methods— 
this basically, is paper. And its fibers, particularly, are ex- 
tremely ‘“emotional.’”’ They will stretch (usually refusing to 
return completely to their original dimensions), they will ex- 
pand and contract (quite often with disastrous results), and 
they are extremely subject to changes in temperature, mois- 
ture, and so on. The gradual acceptance of these inevita- 
bilities and the strides being made to obviate them are doing 
much to cut down on production and quality losses, through 
paper changes. 

What causes paper to get out of shape; to stretch, shrink, 
curl, crease, and so on? There are five main reasons: 


(a) Moisture 

(b) Temperature 

(c) Roll stretch 

(d) Ink tack 

(e) Excess fountain water (lithography ) 


The changes due to these factors become more obvious— 
visible to the eye, disturbing to quality and production—in 
inverse ratio to the paper’s weight. The lighter the paper, the 
more drastic are the results. 

It might be contended that if conditions for making paper 
and using that paper could be the same, then we would have 
no troubles. But the fact is that even apparently similar 
conditions aren’t always so, nor do they produce similar re- 
sults. Forexample: papermakers make 50% relative humid- 
ity paper but what is 50% R. H.? At 70° it is one 
thing, at sixty another, and at fifty it is different again. It 
has been established, however, the maximum results are 
achieved from a sheet of paper at 50% relative humidity and 
70°F. 

What about roll stretch? Paper technicians endeavor to 
meet required specifications, but every papermaker knows 
how temperamental a paper machine can be. It is an ac- 
cepted fact that even different runs of the same paper often 
produce varying dimensional changes. An apparently hard 
roll, for instance, may be too hard in one spot stretching the 
paper at that point. A very tacky ink can stretch a sheet 
both overall and/or in localized areas. The latter may be a 
cause of doubling on multicolor offset presses and, too, is 
much more admissible of definition than it is of cure or con- 
trol. 

Quite naturally you are saying: ‘What is the answer to all 
this? We know the causes (or at least some of them) and are 
as sympathetic as can be expected. But we want to know 
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what to do about it.” This is a fair and justifiable attitude 
and it would be gratifying if the answers were as simple. 
One of them is, perhaps. Our commonsense will probably 
help as much as anything. Milk will go bad in heat; paper 
can too. You can die of thirst; paper can too. Your wife 
fights bulges in the wrong places; paper does the same thing. 
So, let’s remember six things: 

(1) Paper, as we have already seen, is a very fragile me- 
dium. Too many people think we cut down a tree, beat it up 
a bit, and out comes paper. No! Papermaking is still an 
art, now carried on by machine instead of by hand, as origi- 
nally. And, strangely enough, it was the very introduction of 
the papermaking machine that really sparked most of our 
present-day problems. Handmade paper followed size and 
thickness limitations which were irregular; had very few 
finishes and never heard of grading. Modern papermaking 
has specialized and specializing usually tends to restrict 
adaptability. 

(2) Paper is essentially fiber; fiber which has to expand or 
contract, usually in the cross machine direction. Then, as a 
result of the factors which affect paper dimensionally, fibers 
fatten or shrink—and they do it in all directions, mainly cross 
machine. The puzzle of the papermaker, therefore, is to 
maintain paper uniformity despite the possibilities of this 
situation. 

(3) Think of paper as a bimetallic strip. Because it must 
be carried on felt and wire, there is always a slight variation 
from one side of the paper to the other. Even calendering 
and coating do not wholly eliminate this. 

(4) Continuing investigations have shown that the same 
answer doesn’t always meet the same question, probably be- 
cause of the many uncontrollable variables of paper, press, 
ink, and pressroom operation. 

(5) Regular checking, too, reveals the remarkable fact 
that some pressrooms vary all the way from 15 to 80% hu- 
midity, within the seasons. This is a major factor, in itself. 

(6) Finally, your paper man stands ready and willing to 
advise and help, at all times. Humidity control, press con- 
ditions, fanning, hanging, and similar things, are matters with 
which the printer should be completely conversant and to 
which the buyer should be truly sympathetic. The con- 
tinuing efforts by paper technicians to obviate dimensional 
instability in paper, adds to their desires to serve in this mat- 
ter. 


—by F. E. Masterman in Provincial’s Paper, March-April, 1955. 


MULTICOLOR BY OVERPRINTING UsinG FLExoGRAPHIC INKS 


The principle of using the three primary colors, red, yellow, 
and blue to produce an equal number of secondary colors, 
orange, green, and purple, plus one additional tertiary color, 
brown, has been well recognized in the graphic arts field for 
many years. This principle coupled with the halftone plate 
has expanded the color range in a continuous pattern from 
light yellow to dark brown by using only three color units on 
letterpress, gravure, and offset presses. Additional shadow 
effects are usually obtained by using black as a fourth color. 
Plates for this type of work are generally prepared by photo- 
graphing any subject through a series of red, yellow, and blue 
filters, and then exposing a sensitized plate to the color sepa- 
ration negatives through a suitable screen pitched at various 
angles. 

The combination of these two principles, that is, mixing 
of color and the use of halftone dots, permits the letterpress, 
gravure, and offset processes to produce photograph-like 
effects with almost continuous tones from one end of the spec- 
trum to the other. Although these principles have been used 
for many years, the benefits gained by overprinting when 
using solid, line, or stiple plates in lieu of halftone plates have 

not been well recognized until recent discussions initiated by 
Donald E. Cooke of the John C. Winston Co. He has 
- pointed out in a series of articles that the use of the three 
primary colors plus any additional color including black can 
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result in seven to fifteen colors depending on whether three 
or four colors are used in combination. 

This concept should have great importance to the flexo- 
graphic printer because, although the use of halftone work is 
growing in this industry, the majority of printing is still done 
from line or stiple plates. 

It should be recognized, however, that when applying the 
principles of multicolor by overprinting to three-color line 
work, only seven specific colors are possible and no tonal vari- 
ation within any specific hue can be attained. By ampli- 
fication, this means that only one yellow, orange, red, green, 
etc. can be produced and not several shades of these primary 
or secondary colors. Despite this apparent restriction, the 
finer types of line drawing, such as fine pen and ink, and vari- 
ous stippled techniques such as the use of litho crayons on 
grained surfaces can achieve tonal effects similar to half- 
tone, but with less of the mechanical appearance of a coarse 
halftone screen. 

If a printer of opaque stock, such as paper or boxboard, is 
equipped with a four-color press, it is possible to obtain inter- 
esting designs by using the three primary colors, red, yellow, 
and blue, and selecting a color other than black as the fourth 
one. For instance, a fruit bowl design can be beautifully 
highlighted by using dark purple as the fourth color, thereby 
emphasizing the tonal values of grapes, apples, cherries, plums, 
and other deep purple fruits. If an outdoor scene is used, it 
is possible to obtain startling shadow effects throughout the 
foliage by using a second darker shade of green, deeper than 
that which is obtained by overprinting yellow with blue. 

When printing cellophane, cellulose acetate, polyethylene, 
or other transparent films, it is recommended that white be 
used to underlay the job. The remaining three fountains 
can be supplied with yellow, red, and blue thereby yielding 
a “seven-color-job” if the principles of multicolor by over- 
printing are utilized. 
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Although the use of primary colors of yellow, red, and blue, 
plus black, green blue, or purple will probably perform best 
for the majority of overprinting work, other three and four 
color combinations can be selected to produce unusual and 
pleasing effects. Mr. Cooke in his forthcoming book, ‘‘Color 
by Overprinting,” for which Bensing Bros. & Deeney per- 
formed the ink research, demonstrates this point with more 
than 50 illustrations. 

Flexography is a natural field for the expansion of the 
concept of multicolor by overprinting because of the wide lati- 
tude which the inkmaker has in formulating the flexographic 
product. The ink can be made completely transparent, or 
completely opaque, depending upon the desire and need of 
the specific design at hand. Running speeds between 250 
and 500 f.p.m. can easily be obtained by using flexographic 
inks and registration techniques which assure proper control 
of this function are available from most press manufacturers. 

When requesting inks for multicolor jobs it is a wise pro- 
cedure to submit to your inkmaker the progressive proofs of 
the design in question, as well as a sample of the stock to be 
printed. It is also important that the proofs of the progres- 
sives*he submitted on the stock to be printed. Variation in 
the color and quality of the stock will most assuredly affect 
the color and quality of the finished product. 


Paper printers should not overlook the possibility of ob- 
taining additional tonal effects by using colored paper as the 
starting point. A light pastel colored paper, coupled with 
the multicolor effect obtained by superimposing yellow, blue, 
and red, and possibly black or purple can result in eye- 
appealing effects which are sure to startle and awaken the 
industry. 


Of further important consideration is the price of most 
printing, which is often geared to the number of colors printed 
on the carton or bag. The use of a technique whereby the 
number of colors can be expanded without additional in- 
vestment in equipment is certainly an important item in the 
pricing of bags, paper, and cartons printed using this pro- 
cedure. 

The use of metallic pigmented colors in which small quan- 
tities of aluminum powder are dispersed along with the trans- 
parent colors such as transparent yellow, blue, and red is 
another area where additional design innovations can be pro- 
moted on transparent and opaque stocks. 


Finally, the use of only three colors to produce seven, gives 
most flexographic printers of paper who are equipped with 
four color presses the latitude of applying a high gloss over 
print lacquer in the fourth station. This premium package 
is sure to demand a higher price, particularly if designed to 
take advantage of the splash of color obtainable by over- 
printing. 

This concept of overprinting is particularly important to 
the boxboard field where flexographic printing is gaining tre- 
mendous popularity due to the inherent qualities of this sol- 
vent-type ink. When flexographic inks are used to print 
boxboard, speeds of 375 f.p.m. can be attained with ease and 
the resultant prints fed directly to dye cutters, formers, creas- 
ers, laminators, or other secondary converting operations. 
It is possible to increase the speed of printing by equipping the 
press with heating facilities in the form of high velocity hot 
air ovens or flame impingement gas burners. The resultant 
prints are brilliant, light fast, and rubproof. 


Furthermore, the convertor using the flexographic process 
to print boxboard has a great advantage because of the wide 
range of inks which are available to him before performing this 
function. Translustro dyestuff inks whose low viscosity and 
high color strength permit them to produce the finest of all 
flexographic details are recommended where commercial 
lightfastness is acceptable. Flexokraft inks which are a 
combination of dye and pigment inks are recommended 
where the high color strength of dyes can be fortified with the 
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lightfastness which is characteristic of the pigment portion of 
this product. One hundred per cent pigmented Excellopake 
inks are recommended for use on boxboard where the ulti- 
mate in lightfastness and gloss are desired. Velvatex inks 
are recommended for printing boxboard where a soft matte 
finish will contribute to the design of the box. These 100% 
pigment formulations are available in alkali and soap-fast 
formulas which make them extremely suitable for printing 
detergent and soap cartons. Velvatex inks are nonthermo- 
plastic, and are suitable for subsequent hot-creasing, dye cut- 
ting, or even corrugation. 

Finally, Hydrotone and Hydrotex inks which are water di- 
lutable in nature can be used to print boxboard and paper 
where the economies of this type product are desired, along 
with the good wet and dry rub which these inks produce. 
All the flexographic inks in the aforementioned categories can 
be used to package food products because they are odorless 
and nonbleeding in fats, waxes, oils, and greases. This char- 
acteristic permits the resultant carton to be waxed, glue lami- 
nated, or overlacquered with a suitable high gloss, protective 
lacquer. These lacquers are available where increased scuff 
resistance, gloss, and improved slip qualities are required by 
the end use of the carton. 

In conclusion, the possibility of using this straightforward 
concept to double or triple the number of hues obtainable from 
three and four-color presses should not be overlooked by any 
progressive flexographic printer. It requires no additional 
investment, personnel training, or techniques not now avail- 
able to all printers, and can result in outstanding jobs whose 
color latitude and design quality cannot help but add another 
laurel to flexography and make its expansion the envy of the 
graphic arts industry. 


—from a Special Report by Bensing Bros. and Deeney, Philadelphia, Pa. 


SIMPLIFIED FtrE EXTINGUISHERS 


Have you ever tried to use a fire extinguisher only to find 
that it was designed for a different kind of fire? Or discovered 
that a particular extinguisher operated differently from any 
that you had used before? Or breathed the deadly fumes 
generated in using some extinguishers? Or spilled acid on 
your clothing while servicing another type of extinguisher? 
All of these mishaps, and worse, have happened to many 
people. 

Most fires could be stopped in their early stages by ju- 
dicious use of a hand fire extinguisher. Prompt action by an 
alert employee could save his job and his employer’s business. 
It is estimated that nearly a third of all fires—more than two 
thirds of fires in industry, are extinguished with hand-oper- 
ated fire extinguishers. 

This record is impressive when considered by itself. In 
relation to the annual toll of fire, it loses much of its sig- 
nificance. 

Our direct fire losses today amount to over a billion dollars 
a year and indirect losses are several times that figure. Some 
12,000 people lose their lives in fire and thousands more are 
severely burned each year. Every possible means of reduc- 
ing these fire losses is worth considering. Simplification of 
the design of fire extinguishers is one avenue of approach that 
would be worthwhile. 

There are eight types of fire extinguishers commonly sold 
today. Five can be used on fires in ordinary combustibles 
such as wood, cloth, paper, and rubbish. Five are available 
for use on burning oils, greases, and other flammable liquids. 
There are three types available for fires involving electrical 
equipment. 

Some extinguishers can be used on two different kinds of 
fire. None can be used successfully on all three. 


Confusion Confounded 


Among the eight basic types of extinguishers are a multi- 
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‘leaves no residue. : 
_often prefer the dry chemical type for certain fires because of its 
lesser tendency to “‘flash back’’ with use. 


ommended for electrical fires. 
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tude of operating techniques. One recent publication of a 
recognized laboratory illustrates four methods of actuating 
carbon dioxide extinguishers and five methods for operating 
dry-chemical extinguishers. Here indeed is confusion con- 
founded. Is it any wonder that many fires get out of hand 
while the bewildered worker tries to figure out the method 
of operating a particular extinguisher. 

Recognizing the value of present-day fire extinguishers, it is 
believed their utility could be measurably increased if the 
eight types could be reduced in number and the operating 
mechanism standardized. 

Let us explore the possibility of reducing the number of fire 


extinguishers by examining well-established characteristics of 


each. Extinguishers for fires in ordinary combustibles are a 
good starting point. 

The common soda-acid extinguisher is probably the oldest 
and most widely used. This unit, however, must be inverted 
so that the sulphuric acid will mix with the bicarbonate of 
soda solution to generate gas to expel the mixture. It must 
be emptied, washed, and recharged each year using care to 
avoid spilling the acid. It is good only for fires in ordinary 
combustibles. 

Foam extinguishers operate much as the soda-acid type but 
with aluminum sulphate in place of sulphuric acid and a sta- 
bilizer is added. The same objections to method of operation 
and maintenance apply plus the fact that the sticky foam 
solution is hard to clean up after the fire is extinguished. This 
extinguisher is suitable for use on both combustible and flam- 
mable liquid fires. Since the solution is conductive, it should 
never be used on fires involving electric equipment. 

Another extinguisher is the “loaded stream’ type. Here 
a proprietary liquid is expelled by gas from a pressurized 
cylinder. There is a wide divergence of opinion on the merits 
of this extinguisher and it is not recognized by one of the 
two large laboratories engaged in testing and approving fire 
extinguishers. It also can be used on combustible and oil 
fires but not on fires in electric equipment. 

Another common type is the water pump tank. For out- 
door work—on grass, brush, or trash fires—this is unexcelled 
because it can be refilled quickly and kept in constant oper- 
ation. However, the pump tank requires more maintenance 


than many types and is not convenient for use on indoor fires. 


The charged water extinguisher uses pressurized gas or a 
small gas cylinder inside the body of the unit and plain water. 
This type of extinguisher is easy to use, clean and simple to 
maintain. Again, it is limited to use on fires involving com- 
bustibles. 


Simplicity Is Possible 


From a purely functional point of view, the number of ex- 
tinguishers for use on fires in combustibles could be reduced 
from five to one. 

Now let us look at the five extinguishers sold for use on oil, 
grease, or gasoline fires. As we have just seen, the foam and 
“loaded stream’’ types have definite drawbacks. 

The vaporizing liquid extinguisher using either carbon tetra- 
chloride or chlorobromomethane as the extinguishing agent 
can be purchased from the mail order house, the corner drug 
store, or neighborhood hardware store. Few of the people 
selling or buying this type of extinguisher realize the high 
toxicity of fumes produced by the liquids used. Many health 
and medical authorities condemn this type of extinguisher. 
We would do well to eliminate it from the list. 

This leaves the carbon dioxide and dry chemical extin- 
guishers and a choice between these two is difficult. For 
many, the carbon dioxide extinguisher is attractive because it 
On the other hand, trained fire fighters 


Finally there are three common types of extinguishers rec- 
All three can be used on oil 
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fires, and have been considered already. Leaving out the 
vaporizing liquid extinguisher for reasons already stated we 
have left the carbon dioxide and dry chemical types. 

We have then eliminated five of the eight common types of 
fire extinguishers for use in buildings and have left only three: 
(1) charged water extinguishers for fires in combustibles 
and (2) carbon dioxide, (3) and dry chemical types for oil 
and electrical fires. 

Since the last two types are rather close in performance, it 
is quite possible that one of the two could be adopted as a 
standard. Exhaustive testing under a wide variety of con- 
ditions would be necessary to establish a preference. 


A Plea for Uniformity 


Actually, substantial differences in performance do not 
exist and selection of any one type for each of the three kinds 
of fires is based largely upon personal preference. 

Now how about the operating mechanisms of these basic 
types—could they be standardized? The answer is an un- 
qualified yes, and such standardization is not only possible 
but has already been done. 

One manufacturer has on the market charged water, carbon 
dioxide, and dry chemical extinguishers that are practically 
identical in appearance and operation. The method for 
operating them is so simple that it is obvious even to the 
uninitiated. 

There are many reasons that would explain the present 
situation. Tradition, customer demand, or competition, 
would impede a change in established practices. Neverthe- 
less, from the viewpoint of public safety, much would be 
gained from the transition. Confusion in customer’s minds 
would be eliminated and the stage set for much wider use of 
this important fire fighting device. 

Here indeed is a challenge to industry. An opportunity to 
serve the public better and to expand markets at the same 
time. At the same time thought should be given to further 
improvements such as lighter weights, better design—even an 
all purpose extinguishing agent. These things will come in 
time—the opportunity for simplification is here today. 


—by C. H. Yuill, Southwest Research Institute, San Antonio, Tex., in To- 
morrow, June, 1955. 


Tue CONTROLLER’S FUNCTION 


A controller, in my opinion, is the logical generalist to assist 
management in working toward its short- and long-range ob- 
jectives, particularly in the profit sense. His experience with 
the constant flow of data throughout the accounting system 
and other factual systems which he directs should enable him 
to evaluate in financial terms the results which might be ex- 
pected from any composite planning, even in such diverse 
areas of operations as marketing, production, maintenance, 
shipping, communications, inventory, warehousing, materials 
handling, ete. 

Our company’s Insulite insulation board division at Inter- 
national Falls, Minn., has four insulation board machines 
producing 24 hours a day, 7 days a week. This rate has been 
steady since 1949. Even this production level, representing 
100% of available capacity, has fallen far short of satisfying 
customer demand. Naturally, this situation presents a good 
many interesting and difficult questions. Here are a few: 


1. Should we, in this prolonged sellers’ market, maintain a 
complete product line, or should we concentrate on the items 
which give us a maximum profit margin? 

2. Should we expand our production of the present line, and 
if so should we expand at our present location or at some other 
location which would permit a lower cost of distribution? 

3. Should we carry on with the present product line at its 
present volume and undertake expansion through the medium 
of some entirely different type of product which would lead to 
additional market flexibility and perhaps avoid some of the 
seasonal variations normally experienced in the construction 
business? 

4. Should we continue to market our present line in its pres- 
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ent volume in 45 of the 48 states, and what would our long-term 
market risk be if we were to reduce our marketing area and try 
to maintain a larger share of the available market closer to the 
plant? 


As a result of sales urging for more capacity, the Engineer- 
ing and Production Division came up with one recommenda- 
tion that four more drying decks in the kiln from no. 1 Insu- 
lite machine should be added. The capacity of the machine 
was then about 78 million feet annually. The suggested kiln 
expansion would provide an additional 30 million square 
feet. Naturally, there was a great deal of discussion about 
increment profit, customer satisfaction, etc. 

The next degree of pressure originated with the Technical 
and Market Research Divisions arguing for product diversi- 
fication into different density ranges. This was intended to 
offer higher margins, more market stability, and distribution 
closer to home, but the diversification would sharply reduce 
the volume of existing products. 

The third pressure area involved no change in the type or 
volume of production. Instead, the Central Engineering 
and Industrial Engineering Divisions stressed greater effi- 
ciency in the plant, enabling more quality uniformity, fewer 
culls and lower costs, generally through improved mechaniza- 
tion and rhaterials handling. 

In our efforts to develop objectivity in analyzing the 
priority among these three divergent points of view, and to 
be sure that no one specialist division in the company should 
tend to dominate management thinking, the controller was 
first asked to develop a basic yardstick against which vari- 
ations in the planning could be measured. This was quickly 
and easily drawn from the current plan of operation. 

Next, management amazed the controller by requesting a 
study of the economics of a thee-machine Insulite mill with 
a directly prorated reduction of all charges, including manufac- 
turing, maintenance, fixed charges, selling expense, freight, 
etc., with a reduction in new sales, of course, and a theoretical 
reduction in sales territory to match the reduced capacity. 
In other words, management wanted to know not what the 
profitability would be of an extra 30 million square feet from 
no. | machine, but exactly what the profitability was of the 
78 million feet then being produced on this unit. 

Having reduced this operation down toa three-machine level, 
management then reversed its field and gave the 78 million 
feet of production back to the Sales Department and the con- 
troller with the questions: How and where do you propose to 
merchandise this ‘“new’’ production? What would be the 
over-all market risk if the 78 million feet were distributed in 
the smaller three-machine area? 

In reply, the controller next developed theoretical situation 
no. 3. This involved the distribution of total production 
from the four existing machines into the reduced geographical 
area which had been replotted to support the production from 
three machines only. This demonstrated that earnings would 
be substantially increased over the current plan of oper- 
ations, largely due to savings in freight and sales expense. 

It was then decided that the controller should prepare a 
further case involving the restricted distribution area, but 
adding some 50 million square feet over the four-machine pro- 
duction to see what the profit potential might be, irrespective 
ofrisk. Obviously, this case rendered a splendid return on the 
capital investment required, but was not in the least practical. 

To be more realistic, therefore, the controller next pre- 
pared case no. 5, which moved the increased volume back 
into our regular 45-state sales area. In case no. 6, the na- 
tional distribution pattern was maintained, but weight was 
given to the possibility of altering the product mix. The 
controller’s department next pulled together case no. 7, in- 
volving a substantial capital investment for an entirely new 
line of products to be produced to some extent at the expense 
of existing production volume. National distribution was 
again the pattern. The picture which began to emerge at 
this pot in terms of product and market flexibility, unit 
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profit, and profit in relation to required capital investment 
was most interesting and enlightening. 

Eleven cases in all were prepared, giving effect to reduced 
volume ina small market area; increased volume to be distrib- 
uted nationally; variations in product mix; a new line of 
products in addition to existing production and product mix, 
etc. All this effort was guided to a successful conclusion by 
our controller acting in his generalist capacity as an “oper- 
ations researcher.”’ 

In the final analysis, the first priority went to product 
diversification; the second to greater plant efficiency and a 
cost reduction program, and the third to a moderate hori- 
zontal expansion. The final upshot is that our company is 
making capital investments totaling something over $2.25 
million for this special area of its operations. Construction 
started a year ago, and profit realization should commence 
toward the end of 1955. 

The kind of teamwork demonstrated here, leading to greater 
and surer profits, is the true fabric of industrial success in this 
country today. It is also a tribute to the stamina and 
knowledgeability of the controller fraternity as a whole. 


—Excerpted from an address by Robert Faegre, executive vice-president, 
Minnesota and Ontario Paper Co. 


AUTOMATION 


Some of the most exciting pictures presented to the public 
concerning the future of American industry have been summed 
up in the relatively new term—automation. Contained in 
the overtones of formal definitions are visions of automatic 
factories and offices, economic abundance, and _ plentiful 
leisure. Regardless of how these prophecies originate, no 
one doubts that a new and “automatic” era is in the making. 

Automation is the promise of a second or third or even final 
industrial revolution—a Robot Age of unmanned production. 
It represents the desire and the methodology for taking people 
out of all phases of the production process. 

Mechanization—basic to the growth of industrial produc- 
tion for almost two centuries—was characterized by the desire 
to shift from manual to machine methods. By definition, it 
reduced the extent of human participation in any mechanized 
process. But the emphasis was put on reducing one kind 
rather than the total of human participation. 

The addition, for example, of a small gasoline engine to the 
old-fashioned lawn mower was mechanization. The human 
operator used less energy and had the lawn cut sooner, but 
continued to guide the machine over the lawn and decide if 
an adequate job had been done at every step along the way. 

In the new age, the automatic lawn mower merely would be 
instructed concerning the area to be cut and the kind of cut 
desired. The operator, of course, might have to warn the 
mower to avoid rocks, trees, the house, and the dog. 

(It is left to science fiction to consider another age when one 
would merely say, “Lawn mower, keep the lawn manicured.”’) 

Automation is more than a substitution of machines for 
manual sources of energy. Automation is predicated on re- 
placing a broad range of sensory and judgment features for- 
merly reserved for the human operator. 

For example, machines are used not only to work on ma- 
terials as in the past, but to convey material from one pro- 
duction stage to another and, ultimately, to dispose of the 
product at the line’s end. 

No longer under immediate human direction, the produc- 
tion and conveying machines are themselves controlled by 
still other machines. These are designed to note like human 
operators the current state of the production process and to || 
take the necessary corrective actions for every deviation from 
a set of standard conditions. 

This control of one set of machines by another set of ma- 
chines is the key to automation. Through such control the 
various functions of materials handling, machine setup, con- 
tinued inspection, machine adjustment, and even the collec- 


Vol. 38, No. 10 October 1955 - TAPPI 


“operations on a variety of materials. 
ever, the flow of work and tools into and out of each machine 
and among the various machines must be governed by a set of 
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tion and organization of operating and accounting data are 
integrated into one process. 

The controlling machines are designed to measure the prop- 
erties of both the process elements and the product at each 
stage and convert these measures into useful information for 
all levels of control. 

They must possess impressive means for identifying, clas- 
sifying, merging, calculating, and dispatching the now endless 
streams of data they receive. And they must be equipped 
for making comparisons, rendering routine decisions, and 
controlling the large amounts of energy necessary for continu- 
ous adjustment of the process. 

The term automation is somewhat less than 10 years old. 
Its inventor is said to be D. 8. Harder, a Ford Motor Co. 
vice-president, and its original use was intended for such fac- 


_ tories as the Ford engine plant at Cleveland. 


Along the 1600 ft. of one line at this plant, engine block 
castings are moved automatically from station to station for 
milling, grinding, drilling, tapping, boring, and honing oper- 
ations. There is virtually no human intervention in the more 
than 500 separate operations and inspections performed. The 
engine block which formerly required hours on the line now is 
complete in a matter of minutes. 

This factory certainly represents a solid accomplishment 
in automation. While the Ford plant is of unusual magni- 
tude, similar plants have existed for many years and are seen 
widely in the automotive industry, among plate glass manu- 
facturers, large canneries, sheet metal fabricators, some paper 
plants, and soft drink bottling works. 

Such operations, however, are restricted generally to one 
product or a very narrow product class, and industries which 
employ them are somewhat unique in the American economy. 
They usually are characterized by extremely stable or large 
markets. 

Sometimes their product is expended completely and the 
demand for the product consequently renews itself. More 
frequently the product is basic to the total economy and 
thereby is assured a stable market. In any case the product 
changes little over many years and requires few process 
changes. The volume of production in the interim is vast. 

A large part of industry, however, does not find itself in 
circumstances so favorable to automation. Most firms are 
forced to rely upon a basic complement of equipment to pro- 
duce many parts and products. And these must serve a set 
of constantly changing market conditions. 

The elimination of people from processes produces a funda- 
mental change in the nature of a business operation. A large 
part of the cost of a product is variable because it represents 
direct labor. Thus, production levels may be changed and 
new products introduced (or old ones dropped) by adjustment 
of the labor force. 

As the costs of direct labor shrink in the automatic plant, 
more of the unit cost of the product derives from fixed sources. 
In order to be profitable, the plant then must operate at 
fairly constant levels. 

If the market for a single product fluctuates widely (beyond 
the limits of reasonable inventory accumulation) then the 
plant must be capable of maintaining its rate by producing a 
variety of products and thereby construct a more uniform 
market. Clearly, a high degree of automation creates many 
nontechnological and as yet unexplored problems for a firm. 

The alternative to the highly automatic, single product 
plant allows product shifts to meet demand. To accomplish 
this, complete and independent controls of separate operations 
and materials are required. 

For example, a machine tool is designed for a specific set of 
operations upon specific materials in the single product plant. 


The more flexible plant must be equipped with machine tools 


capable of performing any one of a great number of basic 
For automation, how- 
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easily-changed instructions through another machine that 
replaces human operators. 

Many of the engineering principles necessary to the de- 
sign of equipment for a flexible plant in the above sense now 
are well developed. In particular, the theories of feedback 
and servomechanisms have been evolved carefully and these 
are essential to fully automatic factories. 

However, there are few examples of complete plants. From 
an academic point of view, probably the only near examples 
exist in such industries as petroleum, chemical, paper, and 
munitions. The kind of thinking which is more or less readily 
applied to these continuous process plants is more difficult to 
apply to the flow of materials in the metal working, materials 
handling, and general assembly industries. 

Representative results in metal working are such separate 
machines as the programmed engine lathe and the magnetic 
tape controlled lathe. In materials handling, punched card 
controlled conveyer chains and code-controlled pneumatic 
tube systems have been announced and installed in several 
plants. The use of printed circuit techniques, the ‘“Tinker- 
toy” type module, and the United Shoe Machinery Co. as- 
sembly machines are taking root quickly in the electronics 
assembly industry. 

It cannot be pretended, however, that these examples use 
more than a fragment of the available principles and compo- 
nents. Most remain promising engineering ideas and tools 
at the present time. 

Prompted by a continuous need to reduce unit cost and 
meet increasing consumer resistance, American industry is 
spending billions on the development of more automatic proc- 
esses. 

A great deal of discussion has centered on the question of 
upgrading labor in the forthcoming period. It is self evident 
that more highly skilled workmen will be needed to service 
and monitor the exceedingly complex equipment which auto- 
mation utilizes. More people will be trained to engineer, de- 
sign, program and operate this equipment. 

In both cases one can expect corresponding rises in salary 
levels and a consequently higher standard of living in much 
the same way as occurred in the history of mechanization. 

Of more immediate consequence, the number of people per- 
forming routine clerical functions in the Nation’s offices will 
decline. 

Business machines are the basis for one of the most rapidly 
expanding industries in the country, and the very new field 
of electronic data processing is showing an even more astound- 
ing growth. 

But as more routine decisions are left to machines, a greater 
burden is placed upon skilled management to understand each 
detail of the enterprise and to formalize effective and profit- 
able decision making procedures. This management must 
be responsive to new pressures on the firm and be able to 
formulate new policies quickly. Many must become skilled 
in setting up detailed procedures based on policy. Under- 
standing even the intricacies of programming large data 
processing systems is necessary to use them best. 

More significant, possibly, will be the shift of personnel from 
the center of the organization to its periphery. Large staffs 
will be required to meet the public. More effort will be ex- 
pended in the sales and service areas of the business in an effort 
to assure uniform markets and continued plant utilization. 

The tremendous growth of the white collar class will be a 
continuing proposition in America. 

The most serious problem by far will be the need to meet 
these changes as they occur. Major units of the population 
will undoubtedly require upgrading in very short periods of 
time. Various regions will realize changes at different times. 
Consequently, great shifts in the working population will take 
place in order to fulfill the needs for skilled labor and simul- 
taneously avoid massive unemployment. 

It can be expected that industry and government will have 
to assume new responsibilities during these adjustments, first, 
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to avoid unnecessary hardship and, second, to assist in the 
massive training and relocation programs required. Plan- 
ning and cooperation will be imperative for the agencies of 
labor, industry, and government. 

Automation relies, of course, on continuous and expanding 
research and development activities in order to become a 
reality. The development of new products, processes, sys- 
tems, and mechanisms relies heavily on the engineer’s train- 
ing, skill, and ingenuity. 

From his point of view most problems are merely local. 
That is, he must solve the singular problems of his depart- 
ment, plant, or product. But the area in which the problem 
arises is often secondary. The textile and food industries 
and the insurance office are equally fair game for his efforts. 

It is satisfying and surprising to see how rapidly new areas 
are being tackled and subdued. The automatic factory and 
the automatic office will thrive because we demand higher pro- 
duction at lower cost, less human effort, and greater leisure 
and adaptability to the shifting demands of a better educated 
market. 


—by David Rubinfein, in The Frontier, summer, 1955. 


WaASTEPAPER FODDER 


WW. fe. Patent no. 2,715,067 has been issued to Jonas 
Kamlet, 300 4th Ave., New York, N. Y., covering the use of 
waste newsprint as feed for cud chewing animals. The 
invention will use the lowest grades, rotted wastepaper being 
most suitable. 


CONVERTED FLEXIBLE PACKAGING PRopDUCTS 


The Bureau of the Census, Washington 25, D. C., has 
published a leaflet giving data on the shipments of various 
types of converted flexible packaging products. The leaflet, 
Facts for Industry Series M 26 F 15, is available from the 
bureau at 10 cents per copy. 


ConrTAINER HXSTIMATING 


“Pricing and Estimating Methods for the Boxboard Con- 
tainer Industry,’ is the title of a new book published by 
Boxboard Containers, 22 E. Huron St., Chicago, Ill., and 
available from the publishers at $5.00 per copy. 


LumMBER INDUSTRY 


“Facts about the Nation’s Lumber Industry,” 1955 edition 
has been published by American Forest Products Industries, 
1816 N St. N.W., Washington, D.C. 


Forestry PUBLICATIONS 


Station Paper No. 76, ‘‘Forest Insect Conditions in the 
Northeast—1954,”’ has been published by the Northeastern 
Forest Experiment Station, Upper Darby, Pa. 


Woop HanpBook 


An enlarged and completely revised edition of the U.S. 
Department of Agriculture’s Wood Handbook, the bible of 
the woodworking and construction industries, has been 
issued by the U. 8. Forest Products Laboratory, and is 
available from the Superintendent of Documents, Govern- 
ment Printing Office, Washington, D. C., at $2.00 per copy. 


Cures FROM TIMBER WASTE 


About 200 chipper plants have been installed in the 
Douglas-fir region of the West Coast, for the reduction of 
wood waste to chips for pulp production. More than half 
the wood requirements of the West’s kraft industry—about 
1500 tons a day—comes from bark-free edgings, trim, slabs, 
plywood tails, and other sound wood unsuitable for lumber or 
plywood. 

A large factor in this development was the production of a 
specially designed small chipper by Sumner Iron Works, 
Everett, Wash. 


140 A 


A new kraft mill at Albany, Ore., scheduled to go into pro- 
duction this month, will operate entirely on leftovers from 
nearby mills. Three other kraft mills are planned for Oregon 
and most of their wood requirements will be filled by salvage 
wood. 

The recovery program has also been aided by the develop- 
ment of a new type of chipper blade by Oregon Steel Foundry 
Co., Portland, Ore. Some of the largest mills have installed 
hydraulic whole-log barkers to provide bark-free slabs, and 
several have Nicholson whole-log mechanical barkers, but 
the cost of this equipment is too high for any but the largest 
mills. 


MexICAN SULPHUR 


Inaccessibility, and lack of fuel and transportation have 
hampered the development of the sulphur industry in Mexico. 
However, three plants are now in operation and by next 
summer U.S. companies alone are expected to be producing at 
a rate of over a million tons annually. In addition, Mexican 
interests are also entering the field, and it is predicted that 
within 20 years Mexico will become the world’s major 
producer. 


RacquetTre RIVER 


The addition of automatically controlled Chemipulp 
circulating hot acid systems to two sulphite digesters at the 
Racquette River mill in Potsdam, N. Y., has resulted in an 
increase in yield of around 20% with about a 20% decrease 
in cooking time. At the same time, we produce a pulp of 
uniformly high quality in spite of the fact that we change 
from spruce to hemlock and back several times a week. 

Quality has also been stepped up. Prior to the installation 
of the new system, we obtained the following average figures: 
initial burst 0.74; tear —1.20. With the new system, 
cooking spruce, these figures jumped to: initial burst 0.97; 
tear — 1.50. 

On cooking green hemlock, we are able to obtain an initial 
burst of 0.80 and a tear of 1.44. It may be of interest to 
note here that a few months ago, when handling a batch of 
green hemlock, the finished paper was shipped to the customer 
just seven days after the trees were felled. 

Although the increased yield and improved quality are 
undoubtedly very worth-while benefits, we cannot help but 
feel that the major benefits derived from these new systems 
are uniformity from batch to batch, and the ability to control 
the quality of the pulp within very narrow limits. 

These benefits are attributable to two things. In the first |) 
place, the continuous circulation of the hot acid through the || 
digester makes for much better heat distribution throughout | 
the charge, a factor which makes it possible to consider the 
temperature of the acid leaving the digester as being repre- | 
sentative of that of the entire digester charge. | 

Secondly, this temperature is accurately measured and | 
closely and automatically controlled over a carefully cal- |) 
culated time-temperature schedule. | 


Integral Cam Programmers 


The two instruments responsible for automatically con- 
trolling conditions within the digester are integral cam pro- 
grammers. That is, each one incorporates a plastic motor- 
driven cam that has been cut to conform to the desired time- 
pressure or time-temperature cycle. As each cam rotates, 
a follower, bearing upon its periphery, mechanically reposi- 


tions the instrument’s set point index. The control unit in |) 


the instrument then continuously repositions the steam or 
relief valve to produce the desired time-temperature or time- 
pressure relationship within the digester. 

The time-temperature controller is an integral cam ‘“Elec-’ 
troniK” instrument actuated by a thermocouple inserted in 
the hot acid line downstream from the hydroheater which |) 
injects steam into the circulating acid. Controlled air from 
this instrument positions the hydroheater steam supply valve, 
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thus regulating the temperature of the acid, and consequently 
that of the digester charge. 

A time-pressure controller of the integral cam type measures 
digester pressure and operates the relief valve. 

With these two cam program controllers, it is possible to 
bring a digester to the desired conditions over an exact time 
schedule, a virtual impossibility with manual control. 

An ElectroniK strip chart recorder mounted below the 
time-temperature controller on each of the two digester con- 
trol panels continuously plots values of the following three 
temperatures: (1) acid leaving digester; (2) acid leaving 
hydroheater; (3) digester charge. 

By consulting this chart record, the digester cook can rap- 
idly check conditions within the digester and compare them 
with acid temperatures in other parts of the circulating 
system. 


Other Instruments Also Help 


In addition to the basic instrumentation just described, 
several other instruments contribute to the highly successful 
operation of our pulp mill. Recorders, also panel mounted, 
chart digester level and the loads on circulating pump-drive 
motors. 


In the acid plant, the application of a Brown controller to 
the liquid level of the sulphur in our sulphur burner has a 
great deal to do with our ability to produce between 18 and 
18.4% SO2. This level is measured by bubbling air through 
the molten sulphur in the burner and measuring the air pres- 
sure required to force the bubbles from the dip tube. The 
instrument automatically controls level by regulating the 
amount of molten suphur fed to the burner. 


Brown instruments are also used on the accumulator where 
the digester relief gases are bubbled through the cooking acid, 
strengthening it and heating it in preparation for use in the 
next digester charge. Accumulator pressure is automatically 
controlled, while the temperature and level are both recorded. 


Racquette River manufactures specialty papers in addition 
to selling lap pulp. Throughout all of our operations, the 
accent is on quality. In addition to the instrumentation, 
which makes it possible for us to consistently produce top 
quality sulphite pulp, we employ other equipment to see that 
this quality is maintained as the pulp passes through the 
various processing stages. Among this equipment are a 
Jonsson knotter, Bird consistency regulator, Cowan screen, 
and Bauer cleaners. All of these add up to one thing; a 
product that is recognized throughout the industry for its 
uniformly consistent quality. 


—by B. Barrows and O. Wood, Racquette River Paper Co., Potsdam, 
N.Y. Reprinted from Instrumentation 8, No. 1 (1955). 


Merapb 


Listed below are some of the major developments under- 
taken by Mead Corp. since the end of World War II. The 
company has spent $63 million in expansion and moderniza- 
tion in the past 10 years. 


Kingsport, Tenn.: 
New storage warehouse 
Rebuilding and improving no. 3 and other paper machines 
New supercalender 
New and improved rewinders 
New finishing room 
New cafeteria 
Pulp refining equipment 
More color mixing equipment 
New and enlarged soda pulp mill 
Improved dry pulp machine 
Better power production facilities, including boiler and 
turbine 
Macon, Ga.: 
New kraft linerboard mill (with Inland Container) 
Rome, Ga.: ; 
New kraft linerboard mill (with Inland Container) 
Brunswick, Ga.: 
Increased kraft pulp capacity 
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Chillicothe, Ohio: 
New soda pulp mill 
Mechanized woodyard 
Rebuilding and improving no. 7 and other paper machines 
New power production facilities, including boilers, turbine, 
and improved water supply 
New coaters 
New finished paper warehouse 
Escanaba, Mich.: 
Rebuilding no. 1 paper machine 
New color building and equipment 
New groundwood bleach plant 
New warehouse 
Wheelwright, Mass. 
New addition to finishing room 
Sylva, N. C.: 
Two steam boilers 
Renovating two board machines, including a fourdrinier 
for no. 1 
Black liquor recovery pilot plant 
New hydrapulper 
Extension of warehouse 
Mechanizing woodyard 
Harriman, Tenn.: 
New fourdriner for board machine 
Dual press for board machine 
Dorr sedimentation system 
Mechanizing woodyard 
Lynchburg, Va.: 
New digesters 
Mechanizing woodyard 
Hydrapulper 
Rebuilding no. 2 board machine 
New laminated board building 
New polyethylene laminator 
Nashville, Tenn. : 
New gas-fired boiler plant 
New vat for board machine 
Research Laboratories: 
New labs and pilot plant building 


OxFORD 


Oxford Paper Co., Rumford, Me., has recently introduced 
three new coated offset papers. As the result of an exclusive 
coating formula, these new papers—Planoflex, Swift River, 
and Uniflex—feature a bright level, polished surface which 
promises outstanding press results in either black and white 
or full color reproduction. 

Scorr 

Scott Paper Co., Chester, Pa., has announced plans for a 
multimillion dollar installation of additional pulp and paper 
making and converting equipment in the company’s Mobile, 
Ala., plant. The installation will be used to produce the 
first Scott household products ever manufactured in the 
South. 

The present Scott plant at Mobile is one of the most modern 
pulp and paper mills in the world. It was acquired by Scott 
last October in a merger with Hollingsworth & Whitney Co., 
whose brands of paper products will continue to be manufac- 
tured at the plant. James L. Madden, who was president of 
Hollingsworth & Whitney, became a Scott vice-president at 
the time of the merger. 

The pulp equipment will include additional digester 
capacity, new recovery boiler equipment, and wood prep- 
aration and water treatment facilities. Together with the 
rearrangement of existing bleaching facilities, the equipment 
will make possible the production of a minimum of 120 
additional tons of bleached pulp per day. 

Paper facilities will include new high speed papermaking 
machinery and roll tissue and towel converting equipment. 
Buildings will be constructed to house the papermaking 
machinery and converting equipment, and a shipping ware- 
house will also be erected. 

Number 11 paper machine at Scott’s Detroit, Mich., mul 
is nearing completion. 

Scheduled to go on the line this month, the new unit will 
produce ScotTissue and Waldorf, thereby rounding out the 
production of all three brands of Scott toilet tissues at that 
mill. Current production at Detroit is devoted to Soft- 
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Weve and Scot-Tissue, both of which are being made, finished, 
and shipped from the mil. 

The current construction is part of a $6 million expansion 
program planned for the Detroit site. It is possible that 
the company will spend a total of $20 million at this mill over 
the next 5 years. 

In conjunction with the construction of the new machine, 
the expansion program underway includes the construction of 
a series of connected buildings adjoining the present paper 
mill, the largest of which will house the new paper machine. 
This building will also provide room for an additional paper 
machine which is already in the planning stage for Detroit. 
Other units will provide additional pulp storage, paper finish- 
ing and shipping areas, laboratories, and office space. 


Brown Co. 


The Brown Co., Berlin, N. H., has started construction of a 
new kraft bleach plant expected to cost $3.5 million. 

President Dwight D. Eisenhower was a visitor to the 
Brown Co.’s Parmachenee Club in the Upper Androscoggin. 


RIEGEL CAROLINA 


¥ . . 
Riegel Carolina Corp., Acme, N. C., has organized a main- 
tenance cdntrol center for the planning and recording of 
preventive maintenance on mill equipment. 


Union Baa 


John A. Christian, Jr., has been appointed manager of the 
Chicago box plant of Union Bag & Paper Corp., Savannah, 
Ga. 


Nepco 


The Nekoosa Foundation, charitable and civic outlet for 
Nekoosa-Edwards Paper Co., Port Edwards, Wis., has es- 
tablished a $25,000 fund to aid in the support of medical or 
surgical research at the University of Wisconsin. 


Crown ZELLERBACH 


A new chemical by-product of the pulp and papermaking 
process will be marketed next year by Crown Zellerbach Corp. 
Camas, Wash. To be given the trade name Greenz 26, its 
use will be as an agricultural mineral to correct iron de- 
ficiency in plants. This deficiency is known technically as 
iron chlorosis and is typified by a yellowing of the leaves of 
trees and plants. 

The inventor, J. P. Bennett, formerly with the University 
of California at Berkeley, is a recognized authority on iron 
chlorosis. Much of his life’s work has been in diagnosing and 
treating such “illnesses” in plants. He has been working on 
the development of this new product for the past 2 years in 
collaboration with C. Emlen Scott, extension plant pathol- 
ogist, and has thoroughly field-tested it on pears in the area 
near San Jose, Calif. This year a large number of test plots 
have been established on pears, as well as peaches, prunes, 
and other crops in the western half of the United States. 

W. Ronald Richardson joined Crown Zellerbach on Sep- 
tember 1 as assistant to the director of public relations in 
San Francisco, Calif. 


New York & PENN 


As part of its 65th anniversary celebration, the New York 
& Pennsylvania Co. is preparing an anniversary brochure 
describing its history and growth in the papermaking in- 
dustry. 

NYP was founded in 1890, when Col. Augustus G. Paine 
formed a merger between the Pennsylvania Pulp and Paper 
Co., with mills in Lock Haven and Johnsonburg, Pa., and the 
Champlain Fibre Co. at Willsboro, N. Y. In 10 years’ 
time the new company had almost tripled its annual output. 
In 1920, a new streamlined plant, the Castanea mill, was 
built alongside the original mill at Lock Haven. 

Today the company can produce 85% of its own pulp 
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New York & Pennsylvania Co. plant at Lock Haven, Pa. 


requirements and 500 million pounds of paper a year—25 
times what it produced that first year in 1890. Sixty-five 
years after it was formed, the company has 10 times as many 
employees. each of whom receives in take-home pay and em- 
ployee benefits more than 10 times what the average em- 
ployee did in 1890. 

In its 65th year, NYP is supplying paper for more than 27 
million magazines a month. New York & Penn papers are 
used today by offset and letter-press printers, book and 
magazine publishers, greeting card manufacturers, consumers 
of mimeograph and duplicating paper, and school supply 
houses all over the country. 


RIEGEL 


Riegel Paper Corp. faces an unusual problem due to the 
development of an amazing new paper that is extremely re- 
sistant to passage of oil, water, and other liquids, but will 
permit air to pass through freely. Having developed it, the 
question is ‘what to do with it?’”? Some folks say it’s just 
right for paper raincoats that will shed water but keep the 
wearer cool on hot days. .. others think it’s perfect for pop- 
corn bags that won’t leak grease and can’t be blown up and 
popped in theaters. There must be many other uses for this 
amazing new paper but Riegel wants to know ‘‘Who can use 
it. ..who needs a paper with these extraordinary properties?” 
They’re willing to talk to anyone with ideas on the subject. 
Further information is available from Riegel Paper Corp., 
260 Madison Ave., New York 16, N. Y. 


RHINELANDER 


No. 8 Machine Modernization. Rhinelander Paper Co. has 
completed the rebuilding of its no. 3 paper machine after a 
shutdown of 74 days. 

The project required an investment of more than $1,000,- 
000, and is another major step in Rhinelander’s plant im- 
provement and expansion program in which capital ex- 


penditures of $16,000,000 have been made since World. 


War II. 

No. 3 is a Yankee-type paper machine, now designed to 
produce a sheet approximately 123 inches wide at high speeds. 
The machine was rebuilt from end to end with the introduc- 
tion of many additions and improvements including larger 
and better stock preparation equipment, a pressure-type 
inlet for distributing pulp stock to the wire, an entirely new 
pre-drier section, a new Yankee drier, an automatic reel, a 
new steam turbine drive, antifriction bearings, improved 
lubri ‘ation facilities, and other important features. All 
piping carrying the stock is made of stainless steel to insure 
maximum cleanliness in the finished sheet. 
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Yankee drier on Rhinelander Paper Co.’s completely 


Rhinelander Paper Co.’s Yankee-type no. 3 paper machine, 

newly modernized and enlarged at a cost of more than 

$1,000,000, to manufacture sulphite specialty papers 

mainly for food packaging. The machine produces a 
sheet 123 in. wide at high speed 


This is one of eight paper machines in the company’s mill 
at Rhinelander, Wis. Seven of the machines produce glas- 
sine and greaseproof papers, and two of the seven are be- 
lieved to be among the largest machines in the world manufac- 
turing these grades. No. 3 machine, however, manufactures 


rebuilt no. 3 paper machine 
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sulphite specialty papers (both machine-finish and super- 
valendered) which are used principally in the packaging of 
foods. These grades include stock for transparent bread 
wraps, high density waxing and foil-mounting papers, waxing 
tissues, wet-strength papers for packaging butter, meat, and 
other perishable foods, pouch papers for heatseal uses in 
packaging. 

The modernization project now enables the machine to 
turn out a wider variety of such papers, in considerably larger 
volume, and with improved quality, particularly in the for- 
mation and density of the sheet, properties which facilitate 
the processing in converters’ plants. Operating efficiency 
has been improved. 

Spent Liquor Utilization. The Rhinelander mill has had 
installed since late 1948, Wisconsin’s first torula yeast plant 
for processing sugar out of spent sulphite liquor, and since 
late in 1951 has been operating this state’s first sulphite 
evaporator plant. All collected liquor from this mill is 
first desugared in the yeast plant. Then it is evaporated and 
the concentrate is either sold as a raw material to chemical 
processors or burned as industrial fuel. 


Sr. Ruets 

St. Regis Paper Co. has acquired more than 95% of the 
outstanding capital stock of General Container Corp. of 
Cleveland, Ohio, as a result of an offer of exchange made by 
St. Regis and which was declared effective as of Aug. 25, 
1955. Under the terms of the offer, the holders of General’s 
capital stock will receive 23/, shares of St. Regis common for 
each share of General. 

General Container, whose principal offices are in Cleveland, 
had sales in 1954 in excess of $23,000,000. At the end of 
1954, General had 134,656 shares of common stock outstand- 
ing with no preferred stock or bonds. 

General is engaged in the manufacture of corrugated 
fiber shipping containers and allied products, folding cartons 
and set-up boxes, and corrugating medium and container 
chipboard. Its customers include manufacturers of auto- 
motive parts, household appliances, food products, metal 
products, textiles, paper converters, and the jobbing and 
retail trades. 

The products manufactured by General are produced at 
plants at the following locations: 

Corrugated fiber containers, and allied products: 

Albany Corrugated Container Corp., Cohoes, N. Y. 

Canton Corrugated Box Co., Canton, Ohio 

Cleveland Corrugated Box Company, Cleveland, Ohio 

Dubuque Container Co., Dubuque, lowa 

Hunt-Crawford Co., Coshocton, Ohio 

Niagara Corrugated Container Co., Inc., Buffalo, N. Y. 
Folding cartons and setup boxes: 

Great Lakes Box Co., Cleveland, Ohio 

Crowell Carton Co., Marshall, Mich. (folding cartons only) 

Dubuque Container Co., Dubuque, Iowa 

Corrugating Medium and Container Chipboard: 

Muskingum Fiber Products Co., Coshocton, Ohio 


Approximately 1400 persons are employed in General’s 
nine plants. The entire General organization will remain 
unchanged and management continued as in the past with 
Dan L. Pickering, chairman of the board, and Robert W. 
Agler, president. 

The acquisition of General is a further step in St. Regis’s 
broadening of its operations in the paper converting and 
container fields. St. Regis manufactures printing, publica- 
tion, and converting papers; bleached and unbleached kraft 
pulp, paper and board; multiwall paper bags and bag making 
bag filling equipment; fiberboard containers and a broad 
range of industrial and decorative plastic products. 

St. Regis has started work on the expansion program at its 
Jacksonville, Fla., mill. This includes the installation of a 
new 1000-ton-a-day kraft paperboard machine as well as 
expansion of the pulp production facilities there. Target 
date for the completion of the expansion program is May, 
1957. 
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Engineers for the pulp mill and its buildings and equipment 
are J. E. Sirrine Co., Greenville, 8. C. Stevens & Rubens of 
Seattle, Wash., will engineer the board machine and its 
buildings and equipment. Construction will be handled by 
Tidewater Auchter Construction Co. 

The new machine, which will be built by Beloit Iron Works, 
Beloit, Wis., will have a maximum speed of 2500 f.p.m. 
Over-all length of the machine will be 650 ft. with a four- 
drinier wire 276 in. wide which will produce a trimmed sheet 
255 in. wide. It is being designed to produce paperboards 
ranging in weight from 38 to 69 lb. per 1000 sq. ft. 

Four or five additional wells each 1200 feet in depth will be 
drilled in order to provide the 25,000,000 gal. of additional 
water required daily for the expanded facilities. This will 
make a total daily consumption of water at the mill of 
35,000,000 gal. 

To meet the power requirements for this expansion, a 
30,000-kva. turbogenerator will be installed as well as two 
oil-fired steam boilers with a capacity of 200,000 lb. per hour, 
one bark burner of 135,000 lb. per hour capacity, and two 
recovery boilers each with a capacity of 140,000 lb. per hour. 
All steam will be generated at 625 p.s.1. 

In addition, two new lime kilns 9 ft. in diameter and 250 
ft. long, will be installed as well as two new precipitators; 
two barking drums, 12 ft. in diameter and 67/2 ft. long; 
and two large chippers approximately 100 in. in diameter. 

It will require an additional 80 carloads of pulpwood daily 
to supply the wood requirements of the new machine. This 
will bring total consumption of wood at the mill to approx- 
imately 100 carloads daily. 

Justin H. McCarthy, vice-president of St. Regis and chief 
engineer, pulp and paper, is in charge of the expansion pro- 
gram and Lawrence C. Crowder is project engineer. 


MARATHON 


Marathon Corp., Menasha, Wis., has purchased the Merid- 
ian & Bigbee Railroad Co., which operates a line between 
Meridian, Miss., and Myrtlewood, Ala. The company has 
also purchased a paper mill site about 110 miles west of 
Montgomery, Ala., and is considering plans for an integrated 
pulp, paper, and paperboard mill. 


1 eae 


C. 8. Sturgis has been named district manager of Inter- 
national Paper Co.’s Single Service Division. G. A. Husnik 
is now resident manager of the Division’s Minneapolis plant, 
H. D. Gerring is resident manager at Kalamazoo, and F. J. 
Land is resident manager at Kansas City. Other new ap- 


The new five-color press installed at the plant of Arkell & 
Smiths, Canajoharie, N. Y. 
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pointments are: W. 8S. Riedinger, Philadelphia, Pa., resident 
manager, W. T. Fyfe, Youngstown, Ohio, resident manager, 
M. L. Quinlan, Waco, Texas, resident manager, A. C. 
Barham, Bastrop, La., resident manager, and K. Gardner, 
Atlanta, Ga., resident manager. 


SHAWANO 


Shawano Paper Mills, Shawano, Wis., have completed 
arrangements for outright ownership of the paper mill 
property. 


ARKELL & SMITHS 


Arkell & Smiths, Canajoharie, N. Y., has installed a new 
five-color press for printing with heat set inks up to 500 f.p.m. 


NortrHwest Parer 


The following changes in The Northwest Paper Co. 
Manufacturing Department have been made: Roy I. Nilsen 
will become assistant manager of manufacturing, and will be 
located at the general office in Cloquet, Minn. Warren C. 
Johnson will succeed Mr. Nilsen as manager of paper manu- 
facturing at Cloquet. Richard Maron will succeed Mr. 
Johnson as superintendent of the machine room at Cloquet. 
Sidney E. Strothman will occupy a newly created position of 
supervisor of beater rooms (both Cloquet and Brainerd, 
Minn.) under jurisdiction of the respective managers of 
paper manufacturing. 


MacMiriuan & BLOEDEL 


Expansion of Alberni Pulp Division of MacMillan & 
Bloedel Ltd., announced last January, has now moved from 
the planning stage into actual construction. 

The additions to the present pulp mill will be: (1) a 
newsprint mill having daily capacity of 300 tons, with pro- 
vision being made for a second unit; (2) increased capacity 
of 100 tons a day of unbleached sulphate pulp, to a total of 
350 tons a day; (3) a multipurpose coarse paper and board 
machine with a daily capacity of 100 tons. Total cost will be 
about $35,000,000. Project engineers are H. A. Simons 
Ltd. of Vancouver, who designed and engineered the present 
mill, as well as the company’s Harmac mill. 


RAYONIER 


Rayonier Inc. will establish a new research center on an 82- 
acre site at Whippany, N. J., as a further expansion of its 
scope of research. 

The chemical cellulose firm now has its research facilities 
concentrated at Shelton, Wash., where 150 scientists and tech- 
nicians are employed in its Olympic Research Division. The 
New Jersey expansion will be known as Rayonier’s Eastern 
Research Division. These facilities will further broaden the 
company’s basic cellulose studies, with the Olympic Research 
Division continuing in full force. 


ENKA 


A new high tenacity rayon sewing thread, which offers up 
to 30% savings on thread costs in the manufacture and closure 
of multiwall paper bags, is being produced by American Enka 
Corp. The superior strength and elastic properties of Enka’s 
new product permit the use of a smaller size thread, which 
means greater yardage per pound. This feature, plus the 
initial price advantage over natural fibers, explains how sav- 
ings of approximately 30% can be achieved. 

In addition to the economic feature of the new thread, the 
relative stability of Enka’s high tenacity rayon prices, as 
opposed to natural fiber prices, permits users to forecast 
their costs more accurately than was previously possible. 

After 3 years of intensive experimentation and develop- 
ment work, St. Regis Paper Co., the largest manufacturer of 
multiwall paper bags in the country, has given complete 
approval to Enka sewing thread. 


Vol. 38, No. 10 October 1955 - TAPPI 


} TAPPI 


KVP 


KVP can point with pride to the fact that it was one of the 
first industries in the Kalamazoo area to do something about 
stream improvement. Twenty-five years ago it dug the first 
settling pond for its waste water. Since then, it has added 
several more settling ponds, purchased huge, expensive 
machines that filter out waste inside the mill, and set up a 
continuing laboratory control program in an effort to purify 
its water before it is returned to the river. 

How well has the program worked? A recent regulation of 
_ the Michigan Water Resources Commission allows KVP to 
_ discharge into the stream 10 lb. of solid waste material for 
every ton of paper production. In recent months, KVP has 
been able to reduce its waste discharge to well below that 
_ figure. 

Despite such definite results, the company does not feel it 
has found all the answers to stream pollution as yet. Stream 
~ improvement is largely a process of trial and error conducted 
over a period of years. It involves extensive studies, a search 
for solutions, the purchase and installation of complicated and 
expensive machinery. Often another machine must be 
added when the first proves inadequate. Above, all, stream 
improvement depends upon close cooperation between mill 
departments and employees in seeing that not a single particle 
~ of unnecessary waste finds its way to the river. 

During the July 4 shutdown week, Parchment maintenance 
men were busy on a special project—connecting long lines of 
pipe between the paper machines in mill 2 and a new tank- 
- shaped, paddle-wheeled machine. Its tongue-twisting name: 
“Sveen-Pedersen saveall.”’ 

Latest addition to the expensive battery of machines 
installed by the company to combat stream pollution, the 
saveall does just what its name implies—it saves wood 
fibers and other paper ingredients from being lost to the river 
in the papermaking process. 

Other savealls of varying types at Parchment accomplish 
the same thing. Mill 1 has a Waco filter and an Improved 
washer; mill 2 has a pair of Improved washers, besides the 
new Sveen-Pedersen. 

Most of these machines are huge, complex pieces of equip- 
ment that were developed only after years of experimentation 
by the paper industry. All together, they cost the company 
hundreds of thousands of dollars. But by recovering fiber 
or chemicals which can later be reused in the papermaking 
process, they enable the company to salvage thousands of 
dollars worth of raw materials that were heretofore lost. 

Most of the waste in KVP’s ‘“‘white water” is filtered out by 
the machines described before it leaves the mill. But some 
waste water, particularly that containing unrecoverable lime, 
chemicals, and dyes, is treated differently: it must be chan- 
neled into a bank of settling basins located north of mill 2. 

As the water flows through these basins, the waste solids 
in the water gradually settle to the bottom. Then the clear 
water on top is allowed to flow into the river, and the settled 
waste is later scooped out and hauled away to a dump. 

To make doubly sure that the water finally discharged 
_ into the river is as pure as the stream improvement pro- 
| gram can make it, a rigid system of laboratory checks has 
been established. Three times daily, a chemist from Parch- 
+ ment’s research lab takes samples of the water as it enters 
+ the river, later analyzes them to determine the percentage of 
- waste. The results are then posted on special bulletin boards 
adjacent to the paper machines for everyone to see. 

Air, like water is often used as a carrier of waste. Smoke 
from home incinerators, public dumps, burning trash, or 


4 factories constantly fills the air around us. 


- Compared with the oil, steel, or chemical industries, the 
+ paper industry is relatively smoke-free. In KVP power 
houses, the principal areas where smoke could become a prob- 
4 lem, special equipment prevents excessive smoke from being 
4 created when coal is burned to generate power. 
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Pulverizers, or giant crushers, help the power house crew 
maintain efficient operation of the furnaces. The pulverizers 
grind the coal into small pieces, enabling the firemen to burn 
coal with a cleaner flame. 

The new boiler being installed in the Parchment power 
house will also be equipped with a dust collector which is the 
most efficient mechanical smoke cleaner available. Large 
fans will suck the smoke, containing gases and solid particles of 
ash, from the boiler, then blow it through the dust collector 
where practically all of the ash will be filtered out. The 
ash will then travel into a giant silo, acting like a giant vacuum 
cleaner, after which it will be mixed with water and hauled 
away to the dump. The dust collector will prevent some 
375 tons of ash from being discharged into the air each 
month. 


Fauus Paper & PowER 


On the banks of the Oconto River the Falls Paper & 
Power Co., Oconto Falls, Wis., has built a lagoon to hold more 
than 18 million gallons. This is as much collectible full- 
strength sulphite liquor as the company’s pulp mill produces 
in 6 months of full-scale operation. 

Walls of the big earthen bowl are built up as much as 20 ft. 
above the natural level, matching a ridge that forms one 
side. Surrounding dikes and the bottom are lined with a 
thick layer of compacted clay to make all watertight. A 
hill nearby is being cut down to yield the 75,000 cu. yd. of 
soil, gravel, and clay needed for constructing the lagoon. A 
creek that formerly ran through the site has been diverted 
to a new channel outside the dikes, and springs found in 
the old creek bed now flow into the river through pipes 
buried beneath the clay. 

The lagoon is designed to receive by pipeline, to store, and 
thus to withhold from the river all full-strength liquor pro- 
duced during hot, dry weather beyond what can be hauled 
away for roadbinder and other uses. As cooler autumn 
weather brings rain, the river increases its capacity to main- 
tain dissolved oxygen while absorbing more spent liquor. 


New Woop Waste Propuct 


Development of a new and potentially significant raw 
material from wood leftovers was revealed recently at the 
ninth annual meeting of Forest Products Research Society in 
Seattle. 

Francis H. Snyder, Brookfield, Conn., consultant, said the 
new product, known as Dendrol, has already been tested on a 
commercial scale. A solid, dark brown lignin derivative, 
Dendrol has some properties of thermosetting phenolic 
resins, thus suggesting a variety of industrial uses including a 
phenolic resin for molding materials, laminating varnishes, 
hardwood binders, and phenolic resin papers, Mr. Snyder 
said. 

Citing over 35 million tons of residue already annually 
existant in woodworking plants alone, Mr. Snyder predicted 
the eventual creation of a “‘vast organic chemical industry 
based on wood substance as the raw material.” 

Every known organic chemical, he said, can be made from 
wood. The crux of the situation is economic, he added. 


OREGON STATE COLLEGE 


Students of Oregon State College who intend to enter the 
pulp and paper industry or allied fields may elect to take in 
their senior year, technical courses in wood chemistry, wood 
analysis, pulp and paper chemistry, and pulp and paper 
testing. The processes of pulp and paper manufacture and 
the operation of the industry combine the fundamentals of 
the sciences, engineering, and wood technology. Under- 
graduate training for the pulp and paper industry can be 
approached either through the Department of Chemistry, 
School of Science, or through one of the professional schools 
on the campus, such as the School of Engineering, Depart- 
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ment of Chemical Engineer- 
ing, or the School of Forestry, 
Department of Forest Prod- 
ucts. 

Oregon State offers graduate 
work leading to advanced de- 
grees in several chemical fields. 
Prerequisite to graduate work 
leading to an advanced degree 
with a major in forest products 
chemistry is the completion of 
undergraduate work in chem- 
istry, mathematics, physics, 
and biology, substantially 
equivalent to that required for 
graduation in chemistry from 
an accredited institution. 
Degrees offered are M.S., M.A., and Ph.D. in forest prod- 
ucts chemistry. 

The Oregon Forest Products Laboratory on the campus 
of Oregon State College occupies approximately 19,430 
sq. ft. of floor space. The wood chemistry laboratories are 
equippedsto conduct research in the chemistry of wood, barks, 
and by-products. The pulping laboratory has most of the 
equipment necessary for the pulping and processing of pulp 
by the usual chemical and semichemical processes, including 
a laboratory wood chipper, chip screens, digesters, liquor 
preheater, a commercial-size Bauer pulper, a 12-in. Sprout- 
Waldron defiberizer, and pulp and paper testing equipment. 
Equipment and facilities made available by Oregon State 
College, or by. other cooperating agencies, further extend 
research opportunities. 

This laboratory carries out a broad program of research 
and development work in wood, bark, and by-product 
chemistry and utilization; on methods and processes of 
mechanical, semichemical, and chemical pulping; on the 
influence of various chemical additives to pulp, paper, and 
fiberboards to modify their properties; on the seasoning and 
preservation of wood; and timber mechanics. 


G. D. Anderson, Western 
Michigan College 


WesterRN MicniGgan 


The Allied Paper Salesmen’s Association has announced 
a 1955 scholastic award of $300 to Gene D. Anderson, a 
senior student this fall, who is also employed by the KVP 
Co. full time as a laboratory technician. Despite this rigid 
schedule he has maintained almost a B average in his college 
work. 


PLANT MAINTENANCE & ENGINEERING SHOW 

The Plant Maintenance and Engineering Show will be held 
in Philadelphia, Pa., Jan. 23 to 26, 1956. 
CHEMICAL EXPOSITION 


The 25th Exposition of Chemical Industries will be held in 
Philadelphia, Pa., Dec. 5 to 9, 1955. 


Grapuic Arts COMPETITIONS 


The following are some of the national competitions in the 
graphic arts field: 


AIGA Design and Printing for Commerce 


Probably the “toughest’’ competition of them all. Judging 
is based on effectiveness of all factors of the graphic arts: 
design, illustration, typography, engraving, platemaking, 
paper, printing, and binding. Closing date for entries usually 
December 31. Sponsored by the American Institute of 
Graphic Arts, 13 E. 67th St., New York 21, N.Y. 


DMAA “Best Direct Mail Advertising” 


Sponsored by the Direct Mail Advertising Association, 
381 Fourth Ave., New York 16, N. Y. This year will be 
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E. P. Allis, Louis Allis Co. 


J. W. Allis, Louis Allis Co. 


conducted on basis of the six functions of direct mail. Winners 
selected on results, copy, design, and continuity. Closes 
July 31. 


ICIE Awards Program 


Awards for company publications, both internal and 
external. Evaluation based on: editorial and content bal- 
ance; writing quality; appearance. Usually closes in 
February. Sponsored by the International Council of 
Industrial Editors, with a different local member in charge 
each year. 


LNA Lithographic Awards Competition and Exhabit 


All types of promotional material which is produced by 
offset lithography. Judging in 16 classifications is based on: 
quality of reproduction; excellence of design; effectiveness of 
accomplishing objectives. Closes about March 1. Spon- 
sored by the Lithographers National Association, 420 Lexing- 
ton Ave., New York 17, N. Y. 


Financial World Magazine’s Annual Report Competition 


Selection of the best annual statements in 100 industries 
from more than 5000 reports. Merit award winners listed 
first in Financial Weorld’s Jast issue each June. Best of 
industry Oscar winners selected from the merit award winners 
and published in the last issue of each October. Deadline 
is about mid-June for sending copies to Weston Smith, 
Financial World, 86 Trinity Place, New York 6, N. Y. 


WATER SYMPOSIUM 


Louisiana State University, Baton Rouge, La., has pub- | 
lished Engineering Experiment Station Bulletin No. 51, 
Proceedings of the Fourth Annual Water Symposium, held 
March 22-23, 1955. 


ComMBusTION ENGINEERING 


The following appointments have been made by Com- 
bustion Engineering, Inc., New York, N. Y.: Carmine J. 
Grossi, manager of Export Division; Frank J. Bader, assist- 
ant general sales manager in New York; and Herman C. 
Reichard, district manager in San Francisco. 


Louis ALLIS 


E, P. Allis has been appointed chairman of the board of the 
Louis Allis Co. John W. Allis is now president of the com- 
pany. 


ALLIS-CHALMERS 


Allis-Chalmers Manufacturing Co., Buda Division. 
Harvey, Ill, is offering a new FT Series fork lift truck, des- , 
ignated FPT30-24, with a capacity of 3000 lb. at 24-in. load 
center. ik 

Hugh L. Ross and Charles L. Babb have been appointed | 
assistant manager and chief engineer, respectively, of A-C’s” 
centrifugal pump department. 
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The new Allis-Chalmers fork lift truck 


A-C has published a new bulletin (51B8166), available 
from the company at 828 8. 70th St., Milwaukee, Wis., de- 
scribing the company’s new package drives. 


B&O 
The Baltimore & Ohio Railroad has placed orders for 1500 
70-ton hopper cars, 600 40-ft. 6-in. all-steel box cars, and 400 


50-ft. 6-in. all-steel box cars. The total cost of the 2500 
new freight cars will be about $18,500,000. 


Minnesota MINING 


Minnesota Mining and Manufacturing Co., St. Paul, Minn., 
is offering a new grease and oil repellent paper sizing agent, 
Scotchgard, which is said to coat the fibers with an oil resistant 
film, without affecting the strength, porosity, flexibility, 
appearance, or color of the paper. 


C. N.S. INSTRUMENTS 


C. N. S. Instruments Ltd., 62 Rochester Place, London 
N.W. 1, England, are offering the C. N. 8. Extensometer for 
the measurement of dimensional changes in hygroscopic 
materials. 


CLEAVER-BROOKS 

Cleaver-Brooks Co., 326 E. Keefe Ave., Milwaukee, Wis., 
is manufacturing a new line of industrial gas burners, at 
prices 30 to 40% lower than previous models. 


Monsanto 


Monsanto Chemical Co., Dept. 8, Springfield, Mass., 
has published three technical service bulletins describing 
three new resins for the paper industry, designated Scriptite 


50, 52, and 54. 


Hooker 


Hooker Electrochemical Co. has authorized a total of 
almost $3,000,000 to be spent at its Montague, Mich., plant 
for enlargement and product diversification. 


FoxBoro 


R. E. Rogers bas been appointed manager of West Coast 
sales activities for the Foxboro Co., Foxboro, Mass. E. W. 
Pitt replaces Mr. Rogers as manager of Foxboro Los Angeles 
branch, M. F. Parr is regional engineer at San Leandro, and 
C. J. DeVilbiss is industrial engineer at Shreveport. 

Foxoboro has issued a new bulletin (20-14), describing the 


“magnetic flow meter for use on pulp stock. 


Evecrric MAcHINERY 


Six 6000-hp. synchronous motors are being built for 
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Electric Machinery Mfg. Co. motor installed at Bowaters 
Southern 


Bowaters Southern Paper Corp., Calhoun, Tenn., by Electric 
Machinery Mfg. Co., Minneapolis, Minn. The motors, 
which are 240-r.p.m., 4000-volt units, will be the largest ever 
applied to single pulp grinders. 


Natco 


National Aluminate Corp., Chicago, Ill., has developed a 
new low-cost liquid antifoam, Nalco 71-B, designed specifi- 
cally for the paper industry. Another new antifoam, Nalco 
71-C, has been developed principally for paper machine opera- 
tion on the acid side. 

Another new Nalco development, designated Nalco 236, 
is a liquid slimicide and dispersing agent, containing no 
phenols or heavy metals. 


CYANAMID 


American Cyanamid Co., New York, N. Y., has published 
a bulletin (No. 34), giving information on the chemical and 
physical properties and application of Polyacrylamide. 

Verner Alexanderson has been appointed development 
manager for chemical intermediates in the technical depart- 
ment of Cyanamid’s organic chemical division. 


Buack-CLAWSON 


The Dilts Machine Works Division of Black-Clawson Co. 
has furnished a polyethylene extrusion laminator for locker 


Dilts polyethylene laminator installed at Rapinwax Paper 


Co. 
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Jack McKela, Black-Claw- 


E. G. Kominek, Infilco, 


son Co. Inc. 


wrap, foil, and cellophane, to the Rapinwax Paper Co., 
Minneapolis, Minn. 

Jack McKela has rejoined the sales staff of B-C’s Shartle 
Bros*\Machine Division. 


INFILCO 


Edward G. Kominek has been appointed sales manager of 
Infilco Inc., Los Angeles, Cal. 


FLECK 


The Alexander Fleck Ltd., Ottawa, Ont., has acquired 
common stock holdings in Beach Foundry Ltd., of Ottawa. 
The integration of the two companies will provide modern 
tooling facilities for the production of consumer goods. 


CARPENTER STEEL 


The Carpenter Steel Co., 3029 W. Bern St., Reading, Pa., 
has published an illustrated guide to specialty steels, covering 
tool and die steels, stainless steels, silicon and high nickel 
electrical alloys, special purpose alloy steels, valve, heat- 
resisting and super alloy steels, tubing and pipe in various 
analyses and fine wire specialties. 


HONEYWELL 


Minneapolis-Honeywell Regulator Co., Wayne and Win- 
drim Aves., Philadelphia, Pa., has published Specification 
Sheet 429, covering a new line of Honeywell diaphragm 
control valves, designated series 400. 

Honeywell Specification Sheet 57 describes new two-wire 
thermocouples with outside diameters of !/g and #/,¢ in. 


INTERNATIONAL NICKEL 


International Nickel Co., 67 Wall St., New York, N. Y., 
has published a technical bulletin, ‘“Nickel Austenitic Ductile 
Trons,” by F. G. Sefing. 


Bascockx & Wricox 


Carl Claus has been named director of staff of the Babcock 
& Wilcox Co., New York, N. Y. 


DICALITE 


Joseph EK. Moran has been appointed assistant general 
manager of the Dicalite Division of the Great Lakes Carbon 
Corp. 


Nosip & Woop 


R. T. Barnes, Jr., 1523 Chapin Ave., Burlingame, Calif., 
has been appointed West Coast representative of the Noble 
and Wood Machine Co., Hoosick Falls, N. Y. 

RELIANCE 


Hamilton F. Biggar, Jr., has been appointed manager of 
new product development of the Reliance Electric & Kngi- 
neering Co., Cleveland, Ohio. 
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T. O. Day, Milprint, Inc. 


C. C. Spencer, Reichhold 


Chemicals, Inc. 


MuLpRINT 

T. O. Day has been appointed works manager of Milwaukee 
operations of Milprint, Inc., 4200 N. Holton St., Milwaukee, 
Wis. 
REICHHOLD 


Charles C. Spencer has joined the sales staff at the Argo, 
Ul., plant of Reichhold Chemicals, Inc., New York, N. Y. 


DiamMonp ALKALI 


Diamond Alkali Co., Union Commerce Bldg., Cleveland, 
Ohio, has issued a checklist of Diamond literature. 


TORRINGTON 


The Torrington Co., Torrington, Conn., has moved its 
New York offices to the Port Authority Building, 111 Eighth 
Ave., at 15th St. 


BorDEN 

Martin G. Gale has been named director of technical serv- 
ice for the Monomer Chemical Division of the Borden Co., 
New York, N. Y. 
STICKLE 

Stickle Steam Specialities Co., 2209 Valley Ave., Indian- 
apolis, Ind., has developed a new automatic temperature 
control for individual driers. 


Direct pilot controller on the new Stickle automatic 

temperature control for individual driers has dial for 

setting exact temperature desired on individual wet end 

driers. The control automatically maintains best tem- 

perature of each drier by regulating temperature of steam 
inside the drier 
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CRUCIBLE STEEL 


The Trent Tube Co., East Troy, Wis., a wholly-owned 
subsidiary of Crucible Steel Co. of America, has patented a 
new welding process for the manufacture of welded stainless 


New pipe developed by the Trent Tube Co., a subsidiary of 
Crucible Steel Co. of America 


steel and high alloy tubing and pipe. The new process 
eliminates the problem of leaving a weld bead on the inside 
diameter of the tubing. 


STALEY 


A. E. Staley Manufacturing Co. Decatur, Ill, has de- 
veloped a new adhesive, Staybind Waterproof Corrugating 
Starch No. 5030. 


RESEARCH-COTTRELL 


Research-Cottrell, Inc., Bound Brook, N. J., has appointed 
Sheldons Engineering Ltd., Galt, Ont., as sales representa- 
tives in Canada, and Equipos de Proceso, S. A., Edificio 
International, Reforma 1-556, Mexico 1, D. F., as sales 
representatives in Mexico. 


UnitEep Paper MACHINERY 


The management of the Lockport, N. Y., paper machinery 
firm, formerly known as Paper Mill Stores, has announced 
the formation of a new and larger company to be known as 
United Paper Machinery Corp., 58-70 West Ave., Lockport, 
INE Y': 


Dorr-OLIveR 


Richmond M. Stampley has been appointed Western 


ATG GRE COBTINGE 
WDTR ROLL 


OLIVER WEBWELDER—SCHEMATIC. ORAWING 
Schematic drawing of the Oliver Webwelder 
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Filtration Division manager of Dorr-Oliver, Inc., with head- 
quarters in Oakland, Calif. 

Dorr-Oliver has organized a new pulp and paper technical 
department under Ward H. Pitkin, director. 


General view of the Oliver Webwelder showing roll of 

welded stock in the foreground. The two unwinding webs 

being spliced are located at the far end of the machine and 

the panel board from which operation is controlled is 
shown at the left center 


The company is offering the Oliver Webwelder, a new unit 
for splicing side rolls of paper. The unit will splice as many 
as five narrow rolls to produce a single finished roll up to 
85 in. wide. 


Hrrry 


W. L. Belvin has been added to the staff at the Herty 
Foundation as assistant to director. Mr. Belvin before 
coming to the Herty Foundation was assistant director of 
research at the American Chicle Co. in New York, and before 
that time was head of the division of applied chemistry at 
Southern Research Institute in Birmingham, Ala., and prior 
to that time was professor of chemical engineering at the 
University of Arkansas. 


ORTHMAN LABORATORIES 


The Orthman Laboratories have moved to new quarters at 
407 EK. Michigan St., South 312, Milwaukee 2, Wis. 


OBITUARY 


Donald Dale Carr-Harris 


Donald D. Carr-Harris, recently assistant to the president 
of the Sutherland Refiner Corp., Trenton, N.J., was killed in 
an airplane crash in Missouri on August 4, 1955. 

Mr. Carr-Harris was born in Cananaea, Mexico, on Dee. 1, 
1912, and graduated as a chemist in 1934 from Western 
Ontario College. From 1935 to 1939 he was employed as a 
technician by the Anglo-Canadian Pulp and Paper Co., 
Quebec, P. Q. During the war he was a wing commander in 
the R.C.A.F. from 1940 to 1945. He was plant manager of 
the Woods Mfg. Co. in Ottawa, Ont., from 1946 to 1949. In 
1950 he became plant engineer of the Columbia Cellulose 
Corp., Prince Rupert, B. C., and in 1953 he joined the Suther- 
land Refiner Corp. 

He is survived by his wife who resides now in London, Ont. 
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ENGINEERING DIVISION 


Special Committee Contributions 


Electrical Down Time on Sectional Drives 


Final Report on TAPPI Project No. 435* 
R. F. SORENSON 


Tuer investigation of electrical down time on sectional 
paper machine drives was undertaken with three purposes in 
mind: 


1., To encourage mills to keep accurate and continuous records 


of théir electrical troubles. Such records are a great help in 
analyzing and controlling down time. 

2. To arrive at a figure that represents the amount of down 
time to be expected on a sectional drive. (The data collected also 
indicated the probable distribution of the causes of electrical 
down time.) 

3. To present a standard form for reporting electrical down 
time. This would provide a means for comparing different opera- 
tions on a common basis. 


COLLECTION OF DATA 


Ten paper mills, representing 30 paper machines, supplied 
down time data for the year 1954. Data were sent in monthly 
through the New York TAPPI office where they were handled 
by code numbers. Copies of the form used in reporting down 
time for this project and the general questionnaire filled out 
for each machine are attached at the end of this report. The 
down time forms were received punctually and were very 
complete in their information. 

The following tabulation lists the 30 paper machines by 
the product manufactured: 


Kraft paper (multiwall, grocery, wrapping, and special). 9 
era iGolie ry OAT Caeeee seeker pe Mente ota. oe) eda 6 
LBXOPOLC ss. Sts tisha usta es Me ae tear ei ne Pg ade Ae peice Gr 6 
Wihnteslined chit ancy temesni sar nies rs y 
VIII G O Siar erin ee Pe Mech iec ahe ates renee 1 
TEROTOOL, o's, So ROTOR Ge oer eve, ENE Sete nE Lee Coen + 
Wihtteremvelonesmminr prs mcg earprronsa et bios pathy. 1 


Nineteen of these machines have electronic control and 
eleven have other types of position or speed regulators. Eight- 
een machines operate at speeds below 1000 f.p.m. and 12 at 
speeds above 1000 f.p.m. 


DISCUSSION OF DATA 


It was essential that a common unit for expressing down 
time be established. The unit, minutes per equivalent day, 
was used in arriving at the figures presented in this report. 
An equivalent day is the hours of scheduled production di- 
vided by 24. By this method the down time figures are 
averaged by the actual time the machines are scheduled to be 
producing. The total equivalent days of production for the 
30 machines was 9493 days or the equivalent of one machine 
operating for over 25 years. Throughout this report, sched- 
uled days of production are figured on an equivalent day 
basis. 

Each of the 30 drives has been grouped according to the 
number of minutes down time. Figure 1 is a cumulative fre- 


R. F. Sorenson, Union Bag & Paper Corp., Savannah, Ga. 


* Contributed by the Electrical Engineering Committee. 
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quency distribution curve representing the down time distri- 
bution among the 30 machines. Fifty per cent of these ma- 
chines averaged 3.6 or less min. down time per scheduled day 
of production. The mean (arithmetic average) of the group 
was 4.6 min. Approximately 64% of the machines had this 
down time or less. Thirty six per cent had more than average 
down time. : 

The availability of a paper machine drive operating at the 
mean, or 4.6 min. per scheduled day, is 99.68%. 

The general questionnaire that was filled out for each ma- 
chine contained information as to machine speed, paper grades 
number of shutdowns per year, number of operating electri- 
cians per machine, age of drive, normal scheduled hours per 
week, and some general details of their maintenance program. 
An effort was made to correlate down time with each of these 
factors. No correlation could be found between down time 
and any other factor. It seems unlikely that any correlation 
could be established since down time can be influenced so 
greatly by the efficiency of both operating and maintenance 
personnel. Actual component failures have no respect for 
the grade of paper being run or the speed of the machine. 

The distribution of the causes of down time as indicated 


NDICATED DOWN TIME 


PERCENT OF MACHINES AT OR BELOW | 


MINUTES DOWN TIME PER SCHEDULED DAY 
OF PRODUCTION ae 


Fig. 1. Distribution of electrical down time on 30 sectional 
paper machine drives 
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REGULATOR COMPONENTS 


ORAW VARIATIONS 


MOTORS & GENERATORS 


MAGNETIC CONTROL 


REGULATOR READJUSTMENT 


MISCELLANEOUS 


WIRING 8 GROUNDS 


OVERLOADS TRIPPING 


was ——— a n —— =| 


_ Company: 


° 5 10 15 20 25 
PERCENT OF TOTAL ELECTRICAL DOWN TIME 


Fig. 2. 


Distribution of electrical down time by causes 


by this survey is shown in Fig. 2. The percentages were ob- 
tained by totaling the down time from each cause and divid- 
ing by the total electrical down time. The item of ‘draw 
variations” is down time charged to the drive, but the actual 
cause of the trouble has not been determined. ‘Overload 
tripping” is an item generally charged to the drive, but in 
most cases it means that control is operating correctly in re- 
moving an overloaded motor from the line. ‘Regulator 
components’ has been combined into one item since com- 
ponent parts vary so greatly from one type of control to 
another. 


STANDARD DOWN TIME FORM 


The accumulation of data on down time from a wide variety 
of machines has brought out the many difficulties in present- 
ing a useful picture of the drives. All electric drives have 
certain functional parts in common. All electric drives have 
motors, generators, wiring, magnetic control, and all have a 
regulating system. The individual components that make 
up these functional parts may vary widely in design and 
theory. The purpose of this project has not been to weigh or 
compare the merits of the drives, but to assist the mill main- 
tenance departments by making available average figures on 
down time. These figures should present a picture of the 
functional divisions of the drives plus other operating difficul- 
ties charged against the drive. 

Figure 3 is the proposed electrical down time form of the 
Electrical Engineering Committee of TAPPI. This form is 
to be used as a monthly summary. It is assumed that infor- 
mation on daily down time is collected for summarizing at the 
end of the month. Items that are common to all drives are 
listed as major divisions. ‘Regulator components’ is 
broken down so that the relative importance of the items 
that make up the regulating loop can be evaluated by the 
individual mill. These regulator components vary from 
drive to drive and are of particular interest to the mill having 
a given type of equipment. The total, however, is of interest 
to the industry. There obviously cannot be a comparison of 
troubles due to electronic tubes between two drives when 
one has no electronic tubes. 


CONCLUSIONS AND RECOMMENDATIONS 


The following conclusions are based on the data received 
from the mills participating in this project: 

1. The mean average electrical down time of the electrical 
sectional paper machine drives was 4.6 min. per day of sched- 


ELECTRICAL DOWN TIME REPORT 
SECTIONAL PAPER MACHINE DRIVES 


MACHINE NUMBER MONTH OF. 19 


TOTAL 
MINUTES 


REGULATOR COMPONENTS 
TACHOMETER GENERATORS. . . 
ROTATING AMPLIFIERS... .., 
POTENTIOMETERS & RHEOSTATS . 
ELECTRONIC TUBES... . . 
OTHER STATIC COMPONENTS . . 
MECHANICAL COMPONENTS. , . 
METALLIC RECTIFIERS . 
TRANSFORMERS 


MAGNETIC CONTROL 


RELAYS @CONTACTORS..... 
PUSH BUTTONS . eo 
= 
ORAW VARIATIONS x 
MOTORS AND GENERATORS 


REGULATOR READJUSTMENTS 
WIRING AND GROUNDS 


a 


OVERLOADS TRIPPING 
MISCELLANEOUS 


aa 


(TOTAL HRS./ 24) 
MINUTES DOWN TIME PER SCHEDULED DAY 


al 


TOTAL MINUTES DOWN TIME 
SCHEDULED DAYS PRODUCTION 


Sens 


* CAUSE NOT DETERMINED 


Fig. 3. Proposed form for reporting electrical down time 


on sectional paper machine drives 


uled production. Sixty-four per cent of the machines studied 
had less than the average. 
2. Fifty per cent of the machines studied had 3.6 or less 
minutes electrical down time per day of scheduled production. 
3. The distribution of the causes of electrical down time 
was: 


Reg ulavorcomponen ican sy ia rs 22.2% 
ID raw, VatlatlOnseen sce = +a ee eee ee 19 
Miotorstand: generators. 9 seer ees eee 16 
IMB ForeORKOMEROL, 5: ne oe obanuse cous sguaeeneyoe 10. 
Regulatorneadyustimenta.,. 1). see nee 9 
Miscellaneous assess yar eee ee ee 9 
\AVAmAbAYES BNNOL PARC OTTO, c  o cokuee nese were becsuos 7 

5 


Overload itrt 011 cei een 


Oo SIRO DO DO 


100.0% 


4. The data showed no correlation between down time 
and machine speed, paper weight, type of control, etc. 

The following recommendations are offered: 

1. That electrical down time be discussed in terms of 
“minutes per equivalent day of scheduled production.” 
(Hquivalent day = total hours scheduled production + 24.) 

2. That the form shown in Fig. 3 of this report be used as 
a standard form for summarizing electrical down time. 

3. That mill electrical maintenance departments should 
be encouraged to use the standard down time form and the 
other data in Figs. 1 and 2 of this report. 

4. At a future date a questionnaire be circulated to de- 
termine the extent the standard form is being used. If a 
sufficient number of mills are using this form, the data in 
Figs. 1 and 2 can be revised according to the information 
computed by the various mills. 


Issued as TAPPI Special Report No. 406, July 26, 1955. 
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LOST TIME ON ELECTRIC SECTIONAL DRIVES 
(TAPPI Project No. 435) 
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Address: 


Survey Code No. 


15LA 


General Questionnaire 
Survey, Code No ———— 


(1) Machine Number: 


(2) Approximate Approximate 
Types of Paper Approx. Weights % Total Prod. Speed Range 
(a) a 
(b) 
(c) 
(d) : 
(e) 


(8) Number of regulated sections: 


(4) Configuration of machines: (i.e., couch, Ist press, 2nd press, etc.) 


(a) (d) (g) (j) 
(b) : (e) (h) 
OO) (f) —— (i) 


CD) ANG TiC ae ee 
(6) Designed speed range: 


(7) Scheduled days of production per week: 


(8) Number of machines in mill: 


(9) Number of scheduled maintenance shutdowns per year: 


(10) Number of operating electricians in paper mill: 


(11) General description of maintenance program:*__ 


(12) General description of spare parts maintenance :* 


* (Use other side of sheet if necessary. ) 


Weekly Lost Time Report (Week ending: 2 aaa 
Machine Number—______ Survey Code Number 
Minutes 


Unscheduled lost time 
S) M ab W ap F S Total Remarks 


Motors 

Generators 

Rotating amplifier 
(Amplidyne, Rototrol) 

Tachometer generators 

Relay Coils 

Relay contacts 

Push buttons 

Tubes—gas 

Tubes—vacuum 

Other static regulator com- 
ponents 

Regulator readjustment 

Rheostats and potentiometers 

Wiring or grounds 

Overloads tripping 

Draw variations or swinging from 
causes unknown but believed 
caused by drive 

Draw rheostats 

Mechanical components 

Misc. (please explain in remarks) 


Weekly total 


S M i W At F 8 Total 


Scheduled maint. (man hours) 


Sched. hr. prod. 
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TAPPI 


STANDARDS 


Testing Methods, Specifications, and Recommended Practices 


Melting Point of Petrolatum and Microcrystalline Wax 


Proposed revision of TAPPI Official Standard T 634 m-53 
(THIS STANDARD IS UNDER THE JURISDICTION OF THE WAX TESTING COMMITTEE) 


Tuis method is the standard method of the 
American Society for Testing Materials (1) for deter- 
mining the melting point of petrolatum and micro- 
crystalline wax. It has been approved by the Amer- 
ican Standards Association as American Standard ASA 
No. Z11.22-1949. 


DEFINITION 


The ASTM petrolatum melting point is the tempera- 
ture at which petrolatum or microcrystalline wax be- 
comes sufficiently fluid to drop from the thermometer 
used in making the determination under definite pre- 
scribed conditions. 


APPARATUS 


A. Test Tubes. Standard test tubes, 25 mm. (1 
inch) in outside diameter and 100 mm. (4 inches) long, 
supplied with corks grooved at the sides to permit air 
circulation and bored in the exact center to receive the 
thermometer. 

B. Beaker. A transparent container of not less 
than 500-ml. capacity which will permit immersion of 
the test tube to a depth of at least 75 mm. (3 inches) and 
will still leave a depth of 15 mm. of water below the 
bottom of the test tube. 

C. Test Thermometer. An ASTM Petrolatum Melt- 
ing Point Thermometer, either Centigrade or Fahren- 
heit as specified, graduated and accurate to 0.2°C. or 
0.5°F., respectively, having a range of 32 to 127°C. or 
90 to 260°F., total length 365 to 371 mm., diameter 
6.0 to 7.0 mm., and conforming to the requirements for 
thermometer 61C or 61F as prescribed in the Standard 
Specifications E-1 for ASTM Thermometers. (The 
thermometer is obtainable from most laboratory supply 
companies. ) 

D. Bath Thermometer. This may be of any suitable 
type, accurate to 2°F. throughout the required range 
(40 to 220°F-.). 


SAMPLE 


The sample shall be of sufficient size and so collected 
and prepared as to represent the material under exami- 
nation. 


PROCEDURE 


Heat a portion of the sample slowly, while stirring, 
in a casserole or other suitable dish until the tempera- 


ture reaches 200°F. or 15°F. above the expected melting 
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point, whichever is higher, as measured with any gen- 
eral laboratory thermometer. (Use a fresh portion of 
the sample for each determination.) Remove the 
source of heat and let the material cool to 15°F. (8°C.) 
above its expected melting point. Chill the thermom- 
eter bulb to 40°F. (4°C.), quickly wipe it dry with a 
soft, dry cloth, and thrust it while still cold into the 
melted material so that approximately the lower half 
is submerged. Then withdraw it immediately, hold 
vertically away from the heat until the surface dulls, 
and then place it for 5 minutes in a water bath having a 
temperature not over 60°F. 

Securely fix the coated thermometer in the test tube 
by means of the grooved cork so that the lowest point 
is 15 mm. (0.6 inch) above the bottom of the test tube. 
Surround the test tube with a water bath at 60°F. 
Raise the temperature of the bath at a rate of 3°F. per 
minute to 100°F., then at a rate of 2°F. per minute 
until the first drop of material leaves the thermometer. 
Record the reading of the melting point thermometer 
at this instant to the nearest 0.5°F. (or 0.2°C.). 


REPORT 


If the over-all variation of three separate determina- 
tions does not exceed 2°F. (1.1°C.), report the average 
of these three determinations, to the nearest 0.5°F. or 
0.2°C., as the melting point of the sample. If, how- 
ever, the variation is greater than 2°F., make two addi- 
tional determinations and report the average of the five 
as the melting point. 


ADDITIONAL INFORMATION 
The purpose of this revision is mainly to extend the 
scope of the method to include microcrystalline wax 
and to bring the description of the thermometers into 
line with current practice. 


LITERATURE CITED 


1. American Society for Testing Materials, “Standard Method 
of Test for Melting Point of Petrolatum, Designation: 
D127-49,” 1952 Book of Standards, Part 5, p. 63 


41st Annual Meeting 
TAPPI 


Hotel Commodore, New York, N. Y. 
Feb. 20-23, 1956 


LOCAL SECTION ACTIVITIES 


Reports of Meetings, Personnel, and Events 


Empire State (Northen District) 


The April meeting of the Northern District, Empire State 
Section of TAPPI, was held on April 14, in the Hotel Wood- 
ruff in Watertown. The program consisted of the annual 
award paper competition. The paper presented in competi- 
tion was titled “Kraft Pulping of Various Species of Hard- 
woods from Northern and Southern United States,” by 
Maung Mai Aung, a student at the New York State College 
of Forestry at Syracuse. This paper was published in the 
September issue of Tappi. The project described in the paper 
was carried out by Mr. Aung at the St. Regis Paper Co., Cen- 
tral Technical Department, Deferiet, N. Y. Mr. Aung re- 
ceivedsa prize from the district. The program was rounded 
out by an interesting talk by James B. Sisson, St. Regis, Defer- 
iet, titled ““Bubbles.”’ Mr. Sisson described various useful 
and not-so-useful bubble systems encountered in the industry 
and illustrated his talk with demonstrations of bubble forma- 
tions. 

The annual Ladies’ Night and Peddler’s party of the North- 
ern District, Empire State Section was held on May 12, at 
the Hotel Woodruff in Watertown. More than 100 mem- 
bers and guests enjoyed a social hour, dinner, and dancing. 

Evizapntu L. Casn, Secretary 


Ohio 


The September meeting of the Ohio Section of TAPPI was 
held at the American Legion Home in Middletown, Sept. 8, 
1955. One hundred and forty-one members and guests regis- 
tered for the dinner and meeting which followed. 


C. E. Brandon discussing the Ohio TAPPI Award 
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Vice-Chairman Ellsworth Shriver called the meeting to 
order by introducing C. E. Brandon who explained the Ohio 
TAPPI Award. The Ohio TAPPI Award is our endeavor 
to get the younger people in the paper industry to do research 
and make reports on their findings. Three top prizes will be 
awarded. The first prize being $50, the second prize $25, and 
third prize $10. All papers submitted will receive recognition. 

Mr. Shriver then called on Mal Lyon, program chairman, 
who made the announcement of the October meeting. 

Robert Boehm was then called on to introduce the speaker 
for the evening, Professor Jayme of Darmstadt, Germany. 
Professor Jayme has made an intensive optical study of wood 
fibers. 

The title of Professor Jayme’s talk was “Optical Detection 
of Fiber Irregularities During Sulphite Pulping.” The follow- 
ing is a brief résumé of his talk: 

Methodical dyeing experiments on wood pulps are evaluted 
microscopically, qualitatively and quantitatively; moreover 
color microphotographs serve to demonstrate morphological 
differences. In this way it is possible to observe several new 
effects besides known ones; these comprise irregularities of 
lignin removal during sulphite cooking, also within the same 
fiber, formation of lignin strands from the middle lamella, 
slower delignification of pressure wood cells, and raised stripes 
on the surface in the fiber direction. 

Professor Jayme supplemented his talk with some unusual 
color slides which showed the irregularities very clearly. 

A general question and answer period followed the talk. 

Vireiu KH. Perry, Recording Secretary 


Pacific 


The following paper was presented at the joint meeting of 
the Pacific Section of TAPPI and the CPPA Technical 
Section held at Victoria, B. C., May 21, 1955. 


Continuous Chlorination of Bleach Liquor 
Harry S. Fisher and Richard E. Carlson 


THE continuous manufacture of either sodium or cal- 
cium hypochlorite bleach liquor is a problem which has been 
under discussion by interested groups for many years. A few 
continuous type installations have been made with varying 
degrees of success. The preparation of hypochlorite bleach 
liquor is comprised of two or three steps which can be con- 
sidered separately. 

The first step involves the preparation of a dilute caustic 
soda solution or a dilute lime slurry of controlled concentra- 
tion. Most of the problems associated with continuous dilu- 
tion of caustic soda to a given concentration have been solved 
to the extent that controlled dilution is a routine daily accom- 
plishment. Slaking of lime follows customary procedure 
with subsequent continuous dilution which, while probably 
not such a commonplace practice as controlled automatic 
caustic soda dilution, can be readily achieved by means of 
specific gravity control. 

In the second step, chlorine is introduced and reacted with 
the alkaline solution or slurry to a predetermined end point. 


Harry 8. Fisuer and RicuHaRp i. Carson, Technical Service Department, 
penne eae Salt Pa at Co. of Washington, Tacoma, Wash. Pre- 
sented a estern International Meeting of the Pul P try, 
Victoria, B. C., May 21, 1955. WP and Eee ee 
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_ oxidation-reduction potential. 
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Professor Georg Jayme of Darmstadt speaking to the Ohio 
Section 


That the reaction can be carried on continuously under auto- 
matic control and to a highly satisfactory degree will be shown 
later. 

The third step which applies only to calcium hypochlorite 
liquors concerns clarification. While clarification of con- 
tinuously produced calcium hypochlorite bleach liquor will 
not be extensively discussed here, several methods are known 
which offer possibilities for incorporation in a continuous proc- 
ess for producing a high quality bleach liquor. 

One of our chlorine producing plants utilized its tail gas 
containing chlorine, air, carbon dioxide, and hydrogen to 
chlorinate an alkaline solution. Inasmuch as the gas mix- 
ture varied in volume and ingredient concentrations, an auto- 
matic device was required to control a flow of alkaline solution 
proportional to the variable chlorine content in the reaction 
system. One of the methods proposed for controlling this 
reaction was by temperature differential since the reaction is 
exothermic. Chlorination of either sodium or calcium hydrox- 
ide will liberate enough heat energy to raise the solution tem- 
perature about 1°C. for every 3 grams of chlorine added per 
liter of solution. Therefore, if a bleach liquor of approxi- 
mately 30 grams per liter available chlorine is prepared, the 
temperature during the chlorination process will rise about 
10°C. or 18°F. Only the end portion of the temperature 
differential can be used for control purposes, and the accuracy 
of control is restricted by the limits within which small incre- 
ments of temperature change can be measured. The primary 
objection to this method of control was that it offered no self- 
correcting principle under conditions of varying alkaline solu- 
tion concentration supplied to the system. 

It was also thought that pH measurement offered possibili- 
ties for regulation of the controlled variable. Experience 
has shown pH measurement to be feasible for controlling the 
alkali-chlorination end point using glass electrodes in solu- 
tions of high sodium ion content. However, it was deter- 
mined that the pH remains at a high level with no appreciable 
change for contrel purposes until the reaction has proceeded 
to the point where insufficient excess alkali remains to provide 
adequate stability of bleach liquors. It may be of interest 
to note that the reaction has been controlled from pH 8 to 
pH 9 within which range excess alkali is, for all practical 
purposes, nonexistent. 

The most satisfactory control method found in this investi- 
gation for continuous manufacture of bleach liquor employs 
It is believed that D. J. Pye 
in his report on ‘“The Control of Bleach Manufacture by Oxi- 
dation Potential” in the Journal of the Electrochemical Society 
for August, 1950, was one of the first to suggest this method. 
Pye, using a 1.1-v. potentiometer measured the electrode po- 
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tential of a platinum-saturated calomel cell in different 
strengths of sodium hypochlorite solutions containing varying 
amounts of excess alkali. The results were plotted as curves 
illustrated in Fig.1. Pye also reported successful] substitution 
of a silver electrode for the calomel electrode with only a minor 
change in electromotive force for the cell. 

In the first phase of this investigation, a series of measure- 
ments was made patterned on Pye’s work. For the purpose 
of simplification, a vacuum tube voltmeter was used in place 
of a potentiometer for making voltage determinations. Since 
the vacuum tube voltmeter draws some current through the 
electrode circuit, some polarization of the electrodes occurs 
and although reproducible results could be obtained with the 
platinum-calomel cell, the e.m.f. values were somewhat lower 
than reported by Pye. It was found that a silver electrode 
could not be used because of polarization but a platinum, 
silver-silver chloride cell gave satisfactory and reproducible 
results. 

For the reaction, 50% commercial liquid caustic soda was 
diluted and then chlorinated in stages. The oxidation-reduc- 
tion potential was measured and the excess alkali and avail- 
able chlorine titrated at each stage. For comparison, a sclu- 
tion using reagent grade sodium hydroxide was prepared and 
chlorinated in the same manner. Curves were drawn plotting 
electrode potential against excess alkali as shown in Fig. 2. 
The values for reagent grade sodium hydroxide and dilute 
liquid caustic solutions of approximately the same concentra- 
tions vary more than would normally be anticipated from the 
slight difference in concentration. Since it is known that the 
presence in the solution of greater or lesser amounts of impuri- 
ties such as chloride, carbonate, and heavy metal ions affects 
the net oxidation-reduction system under the conditions as 
measured, this departure from the expected variation is be- 
lieved to be due principally to the difference in composition 
of the commercial caustic and the reagent grade caustic soda. 
Only those portions of the curves considered to be of value for 
the application under discussion are shown in Fig. 2. These 
curves have the same general characteristic form as those pre- 
pared by Pye but are shifted downward along the ordinate. 
Although the curves for various concentrations appear only 
laterally dispersed, no simple correction could be found to 
cause superimpositicn and justify indication of a single set of 
data. It was thought that the effect of the temperature rise 
from heat of reaction on the oxidation-reduction potential 
should be determined. Accordingly, a caustic soda solution 
of known concentration was divided into two portions and 
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~« 
chlorinated with temperature control with a constant tem- 
perature bath on one and no temperature control on the other. 
It was found that the difference in potential due to the in- 
crease in temperature was so minor that for practical applica- 
tions it could be neglected. 

The lime-chlorine system was investigated in the same 
manner as the caustic soda-chlorine system starting with com- 
mercially hydrated lime slurries of known concentrations. 
The results as shown in Fig. 3 are plotted in terms of electrode 
potential against grams per liter of available chlorine instead 
of excess alkali, because in calcium hypochlorite bleach some 
lime remains undissolved and, therefore, available chlorine 
has greater significance as a control factor. 

With the data obtained, it was possible to consider some 
of the requirements of a system utilizing the oxidation- 
reduction potential method for controlling the manufacture 
of bleach liquor. These were: 


1. Some method of mixing the chlorine and alkali in such a 
manner that rapid reaction results. 

.2 Electrode placement so that sensing of changes in the reac- 
tion system occurs with as little time lag as possible. 

3. Measurement of electrode potential as accurately as pos- 
sible. Since the electrodes are subject to polarization, this means 
measurement with as near zero current flow as can be readily 
accomplished. 

4. Conversion of the potential measurement into control of 
either the chlorine or caustic soda flow. 


When starting the design of a pilot plant unit for this work 
it was possible to proceed with some experience. Prior to 
this investigation a pulp mill met difficulty with the manu- 
facture of bleach liquor. The problem required immediate 
solution and would not permit the delay attendant upon con- 
struction of conventional facilities. The mill was able to use 
unsettled calcium hypochlorite bleach and consequently a 
successful continuous system was installed which employs 
manual control of both lime and chlorine supply. Later, 
density control of the lime slurry was added to improve the 
operation of the installation. 

Pilot plant operations were initiated using what seemed to 
be the simplest method of intimately mixing chlorine with 
dilute alkaline solution. Dilute caustic soda and chlorine 
gas were mixed with an ejector and the length of the ejector 
tail pipe and flow rates changed to vary the retention time of 
reactants before the product was discharged into a vessel. 
Caustic soda was diluted to provide a bleach liquor containing 
approximately 30 grams per liter of available chlorine. Re- 
tention times based on liquid flow were varied from 10 to 
about 40 sec. but it was not found possible to obtain satis- 
factory absorption and reaction of the chlorine at any time. 
This indicated too slow a reaction rate to be practical. It has 
long been known that reaction of chlorine and alkali to form 
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hypocblorites requires an induction period. This suggests 
that the reaction is of a complex nature in the autocatalytic 
class. Following the induction period the rate of reaction 
increases rapidly to equilibrium. On this theory the pilot 
installation was modified by replacing the ejector with a 
flooded reaction tower or column so arranged that the alkaline 
solution and chlorine could be fed into the bottom of the 
tower and the bleach solution taken off near the top, thus pro- 
viding an opportunity for an intimate mixture of alkali, chlo- 
rine, and reaction products to be present in the reaction area. 
Under constant flow conditions the reaction proceeded satis- 
factorily and equilibrium was established; but under changing 
flow of the reactants, equilibrium was disrupted and the prod- 
uct was found to vary qualitatively and quantitatively. 
The difficulty was overcome by installation of a draft tube 
which accomplished the desired rapid mixing of the reaction 
components within the tower. Final design of the pilot plant 
unit is as indicated in Fig. 4. 

The reaction tower was a length of 4-in. diameter transite 
pipe with overflows so arranged that the total height of the 
reaction column could be varied. The oxidation-reduction 
electrodes were inserted through openings in the sides of the 
column in such manner that they were diametrically opposite 
and in the same plane. The electrode gap approximated 2 
in. The location of the electrodes in the tower could be altered 
to determine the proper sensing point. Gaseous chlorine 
was passed through a pressure control valve, rotometer, and a 
flow control valve operated by the potential control instru- 
ment. The chlorine injection point at the bottom of the 
tower was so designed that a rising current is produced inside 
and a descending current outside the draft tube. The alka- 
line solutions were pumped into the bottom of the reaction 
tower and controlled through a manual valve calibrated to 
give approximate rates of flow. 


Flow rates were varied from an arbitrary minimum of 6 to 
18 g.p.m. It was found that if the caustic flow rate was in- 
creased or decreased slowly, excellent chlorine control was 
maintained throughout the flow range. However, if the flow 
rate was changed abruptly by several gallons per minute, slow 
response resulted in the low flow range and oscillation or hunt- 
ing in the high range flow. In making bleach, the system was 
adjusted to chlorinate to a fixed amount of residual alkalinity. 
In the case of bleach of approximately 30 grams per liter avail- 
able chlorine the system was set first at 5 grams per liter excess 
caustic alkalinity and then decreased by steps to 0.7 gram 
per liter. Residual alkalinity could be held within 0.1 gram 
per liter at any setting but below 1.5 grams per liter the sys- 
tem became unstable under changing flow conditions result- 
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ing in oscillation with no return to control. Similarly, when 
bleach strength was increased to approximately 60 grams per 
liter available chlorine, system instability and loss of control 
under changing flow occurred below 3 grams per liter excess 
caustic. At 1.5 grams per liter excess caustic for 30 grams 
per liter available chlorine bleach, or at 3 grams per liter ex- 
cess caustic or above for 60 grams per liter available chlorine 
bleach, oscillations or hunting occurred only from an abrupt 
decrease in caustic flow with return to normal control within 
approximately 2 min. Under changing flow conditions ex- 
_ cess caustic variation averaged within 0.2 gram per liter for 
_ any setting, and 0.15 gram per liter for constant flow, even 
with the limited control equipment used. 

After these operating characteristics were established, the 
system was changed to chlorination of a lime slurry. As 
might be expected from the curve shown representing this 
reaction, control closely followed production of sodium-base 
bleach liquor. Agitation within the reactor was sufficient 
to keep the lime in suspension until chlorinated. Runs were 
made in the range of 30 to 32 grams per liter available chlo- 
rine with flow rates of 9 to 12 g.p.m. Commercially hydrated 
lime was used and alkali utilization approaching 100% was 
obtained. 

Although the results from the operation of the pilot unit 
were gratifying even with the limitations of the control equip- 
ment used, it is known that improved control could be attained 
by further modification of the instrument control system. 
For this work output from the electrodes was coupled directly 
to the input of the control instrument even though the instru- 
ment had not been specifically designed for such an applica- 
tion. The input impedance of the controller was not suffi- 
ciently high to prevent current drain in the electrode circuit. 
Polarization of the electrodes from passing current in the elec- 
trode circuit reduced the effective controlling range of the 
instrument. 

A study of the oxidation-reduction potential curves will 
serve to show what requirements must be met by a potential 
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Fig. 5. Continuous chlorination of bleach liquor 


operated flow controller. It can be observed that as zero 
alkalinity is approached, the slope of the curve becomes very 
steep. If the reaction is to be controlled at approximately 2 
grams per liter excess alkali or higher, the control range will 
fall along the flatter portion of the curve and control will be 
quite readily achieved even though the flow rate or alkali con- 
centration is changed. On the other hand, if it is necessary 
to control the reaction near the stoichiometric end point, or 
in the range from | gram per liter excess to 0 gram per liter 
excess alkali, a potential operated control instrument will be 
receiving for any system variation a high rate of e.m.f. signal 
change with respect to the rate of change of excess alkali; thus, 
the control instrument would tend to produce large changes in 
chlorine flow at the critical point of control. Some means of 
dampening the changing impulse sent to the control valve 
when operating in this high e.m.f. change area is therefore 
indicated. Such a device may take one cf several forms and 
be incorporated into the controller. 

With pilot plant work accomplished on a scale which ap- 
proaches the bleach liquor requirements of many pulp mills, 
and by which method it is believed bleach liquor of consist- 
ently satisfactory quality can be produced, the schematic 
diagram shown in Fig. 5 is suggested as a pattern for continu- 
ous production in mill installations where benefits might be 
derived from the continuous chlorination of bleach liquor. It 
is felt that a small amount of storage for bleach liquor between 
manufacture and use is very desirable if not strictly a neces- 
sity. Level measurement of the stored bleach liquor applied 
to throttling control of the alkali feed would serve to main- 
tain the rate of bleach liquor production in keeping with con- 
sumption thus avoiding sharp fluctuations in quality which 
might be attendant upon rapidly changing flow rates, or start 
and stop operation. Chlorine gas would be applied through 
the usual operations of vaporization, pressure, and flow con- 
trol. Even though chlorine gas produces a slightly higher 
temperature rise than liquid chlorine, gas should be used be- 
cause metering and controlling flow of liquid chlorine with 
sufficient accuracy are difficult. A properly designed mixing 
chamber with instrumentation which will sense and control 
potential between two properly placed electrodes completes 
the installation. With proper design and operation, all chlo- 
rine gas is reacted and the only odor is that typical of bleach 
liquor. The various factors affecting the size and design of 
the reaction equipment would be dependent on the require- 
ments of any specific installation. 

Continuous automatic production of sodium bleach liquor 
is a reality. The production of clear lime bleach liquor re- 
quires the additional step of clarification of the turbid liquor 
discharge from the chlorinating tower. Investigation reveals 
that several steps can be taken to clear the liquor of turbidity. 
Initially, side hill fine screening or centrifugal separation of 
grit particles from the lime slurry is advantageous. The 
finished bleach liquor can be put through a continuous gravity 
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clarifier or a centrifugal separator. The washing of the sludge 
to save alkali and chlorine values can follow the procedure 
above with the wash water going to dilute the incoming lime 
to the system. 

The authors wish to thank Messrs. Graham and Hall of the Minneapolis- 


Honeywell Regulator Co. for making available the control instrument for 
this work and for technical advice on instrument application. 


LETTERS TO THE EDITOR 


Ammonium Bisulphite Pulping 


To the Editor, Tappi: 


As an overseas member of your Association I write to ask 
if you could give me some information about ammonia-base 
sulphite pulping. I have read the articles in Tappi and I 
find the whole problem very interesting. 

If we firtd that ammonia-base sulphite pulping seems to be 
of great value to us, it is possible that I shall make a journey 
to U.S.A. to study the process at some mills. Ammonia is 
however very expensive in Sweden, compared with calcium, 
and it is therefore necessary to reduce the ammonia con- 
sumption as much as possible through recovery or to utilize 
the spent liquor. 

At our mill we are making strong unbleached sulphite 
pulp. For that reason I would be very thankful if you could 
give me a list of the sulphite mills using ammonia base for 
making strong unbleached sulphite pulp. I should also like 
to obtain some information about recovery of chemicals 
and spent liquor utilization. 

Karu FREDRIK GUSTAFSSON 
Sulphite Superintendent 
A/B Stjernfors-Stalldalen 
Stdlldalen, Sweden 


To the Editor, Tappi: 


The following tabulation represents, to the best of our 
knowledge, those mills in North America which are currently 
using the ammonia-base process. Included also is the es- 
timated production of pulp in tons per day, and the year in 
which conversion to ammonia-base pulping was completed. 


UNITED STATES 


Rayonier, Inc., Shelton, Wash. 300 1945 
Eastern Corp., 8. Brewer, Me. 155 1947 
Eastern Corp., Lincoln, Me. 90 1948 
Crown Zellerbach Corp., Lebanon, 

Ore. 55 1949 
Wausau Paper Mills Co., Brokaw, 

Wis. 90 1950 
Consolidated Water Power & Paper 

Co., Wisconsin Rapids, Wis. 140 1951 
Rayoner, Inc., Hoquiam, Wash. 400 1952 
Columbia River Paper Mills, Van- 

couver, Wash. 110 1952 
Scott Paper Co., Anacortes, Wash. 100 1952 
Scott Paper Co., Everett, Wash. 310 1954 

CANADA 

Fraser Co., Ltd., Edmundston, N. B. 390 1953 
Restigouche Co., Ltd., Campbell- 

town, N. B. 260 1954 
Irving Pulp & Paper Co., St. John, 

N. B. 150 1954 
Canadian Internatl. Paper Co., 

Gatineau, Que. 180 1954 


In addition to the above, Groveton Paper Co of Groveton 
N. H. will be converted to ammonia-base pulping this year. 


Also, Charmin Paper Co. of Green Bay, Wis., is planning a 


trial run on ammonia-base pulping early this fall. 
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We are not aware of any installation where recovery of 
ammonia has been possible. There is the possibility that 
spent ammonia-base liquor can be effectively used in the pro- 
duction of yeast to at least lessen the quantity of ammonia 
purchased on the outside for this use. 

For a general bibliography on ammonia-base pulping, our 
suggestion would be Tappi’s January, 1954, issue. 

Frank E. Eox 

Product Sales Supervisor 
Industrial Chemicals 
Spencer Chemical Co. 
Kansas City, Mo. 


Paper Statistical Quality Control 


To the Editor, Tappi: 

Since the last time I saw you at one of our seminar meetings 
at New York University I finished a most successful trip 
around the world installing quality control methods in paper 
mills, paper converting plants and printers. 

The Jujo Paper Manufacturing Co. submitted a 28-page 
report to me which had been printed for their foremen- 
management group which showed that in the mill in Tokyo 
where there are six machines they increased their production 
9.2% and their yield out of the finishing room was 11.6% 
greater in the months of April and May as compared to the 
same figures of October and November, 1954. This instal- 
lation has now spread to their other five mills involving some 
23 paper machines so that by this time the installation is well 
on its way. 

I also visited paper mills in Italy and France, in fact, two 
paper manufacturers in Paris attended my seminar in con- 
junction with their paper converting accounts. 

I pass these notes on only with the idea that I am sure that 
you are always interested in learning of the expanded uses of 
new techniques and developments. 

I assure that the support that the TAPPI publications and 
the Association, in general, have given to this general problem 
of statistical quality control is most appreciated, not only by 
my ideas, but by technicians around the globe. Please keep 
up the sound and solid editorial techniques with which you 
have been so successful. 

DonaLtp MacauLay 
Paper Quality Control, Ine. 
Chappaqua, N.Y. 


Coefficient of Friction of Paper 


To the Editor, Tappi: 


Our plant librarian has informed me that you may be able 
to help us on a problem which we have. The problem is 
this: We would like to know what the coefficiency of friction 
is of paper on steel, stainless steel, brass, chrome plated 
surfaces, and wood (with waxed surface). 

Epwin D. ASPENGREN 
Mechanical Research and 
Materials Testing Labs. 
Meredith Publishing Co. 
Des Moines, Towa 


To the Editor, Tappt: 


The following references to the coefficient of friction with 
paper may be of use to Mr. Aspengren: 


Turk, John G., and Maxon, Richard, “The G.C.M.I. Friction 
Tester—an Instrument for Measuring Coefficients of Fric- 
tion of Paperboard,” Tappi 38, No. 5: 161A (May, 1955). 
(Used to determine static and kinetic friction of paper- 
board on paperboard.) 

Broughton, Geoffrey, and Gregg, John L., “Some Observations 
on the Kinetic Coefficient of Friction of Paper,’ Tappi 35, 
No. 11: 489-493 (Nov., 1952). (Determined coefficient of 
kinetic friction of bond paper on copper, 0.36; bond paper 
on lucite, 0.23; and various papers (bond groundwood, 
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and by British methods. 
nical section of the British Paper & Board Makers’ As- 
- sociation and to the British Paper and Board Industry Re- 
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onionskin, kraft wrapping, blotting, coated, book) on them- 
selves, 0.45 to 0.67 depending on machine direction, wire, 
and felt sides; also determined that coefficient of paper on 
copper increased with relative humidity, beating, rosin 
content, and filter content and decreased on medium calen- 
dering and with the addition of fats and paraffin. ) 

Deleroix, Pierre, “Coefficient of Friction of Papers,” Bull. 
Assoc. Tech. Ind. Papetiére (1) No. 1: 12 (March, 1947). 
In French. (Found that coefficient of friction of paper on 
paper about that of wood.) 

Dreby, Edwin C., “A Friction Meter for Determining the 
Coefficient of Kinetic Friction of Fabrics,” J. Research 
Natl. Nur. Standards 31: 237-246 (1943). (Original of 
friction meter used by Broughton and Gregg.) 


T. W. Lasnor, Paper Section 
National Bureau of Standards 
Washington 25, D.C. 


Peroxide Solutions 


To the Editor, Tappi: 


We should like to receive your advice about a problem 
which occurred in our mill during the manufacture of peroxide 
solution. 

For the bleaching of wood pulp we use Na,O». The solu- 
tion contains 18 g./1. Na2Oz, 13 g./1. H2SOx, 40 g./1. water- 
glass. The pH is 11-11.5. 

The hardness of the used water is about 5° German hard- 
ness. 

Now we have trouble with a flocky, light yellow colored 


~ sediment which is formed a few hours after the manufacture 


and will clog the pipe’s (rustless steel) in the long run. 
Van GELDER ZONEN N.V. 
Renkum The, Netherlands 


To the Editor, Tappr: 


In the letter from Van Gelder Zonen N.V., it is stated that 
the bleaching solution contains: 18 g./1. NazO»s, 13 g./1. 


_ H.S8Ouz, and 40 g./1. waterglass. 


Most Na2O, contains some iron, even if only a very small 
amount. This iron will precipitate unless the bleaching 
solution is made correctly. It is not surprising that a light 
yellow colored flocky sediment is formed if the bleaching 
solution is made up in the sequence outlined above. 

In order to overcome the difficulty encountered by the 
Royal Paper Mills, I suggest that the bleaching solution be 
made up as follows: 

Dissolve the sodium silicate solution and make up the total 
solution to perhaps 80% of the total volume desired. Add 
the sodium peroxide at this point, while maintaining good 
agitation. After the sodium peroxide is in solution, slowly 
add the required amount of sulphuric acid to the agitated 
solution. Additional water is then added to bring the 
bleaching solution to its required volume. 

In order to help stabilize peroxide solutions we have found 
the addition of some magnesium sulphate helpful. If this 
material is used, it must be dissolved in the water before the 
addition of the waterglass. 

N. J. Sratrer, Manager 

Peroxygen Products Development 
E.I. du Pont de Nemours & Co., Inc. 
Wilmington, Del 


Pulp Testing Terms 


To the Editor, Tappi: 

Recently I have been trying to make some comparisons of 
pulp strength figures obtained by American testing methods 
I have applied both to the tech- 


search Association for information on making such com- 


parisons. I was quite astonished to find that such information 
is not readily available. 
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We were concerned with an article in Tappi, a reprint 
of a paper presented at the ECLA/FAO/TAA Latin American 
Pulp & Paper Meeting, Vol. 37, No. 12, December, 1954, in 
which a sample of pulp from a nonexistent Celdecor mill is 
compared with pulps made by the mechano-chemical proc- 
ess in U.S. laboratories. As mentioned, the mill quoted does 
not exist and so we were concerned to find some comparative 
figures and put them on the same footing as those quoted, but 
we ran into a great deal of difficulty in making the conversions. 
I wonder if you can help us with conversion figures for con- 
verting to the metric system which is used in the TAPPI 
standards, and our own standards, the following: bursting 
strength, points per ream—lb. & 100; tearing resistance, g. per 
ream—lb. X 100; tensile strength, g. per ream—lb. 

We enclose the lines along which we have worked to make 
our conversions, but we should appreciate confirmation as to 
whether these conversions are valid. We are particularly 
doubtful over the tear factor. 


As a matter of fact, we contacted quite a number of people 
seeking this information, and the unanimous feeling was that 
they were scarcely the sort of unit that one would associate 
with an article in Tappi. One is, therefore, confronted with 
the probability that no one beyond the United States and 
Canada is able to comprehend the figures. Would it not be 
possible for Tappi to insist that its contributors use TAPPI 
standard terms of expression, in such a standardised field as 
pulp evaluation? 

C. B. Tass, Chief Technician 
Hatch End, Middlesex, England 
Cellululose Development Ltd. 


To the Editor, Tappi: 

The figures presented in the tables to which Mr. Tabb 
makes reference can readily be converted to metric units 
through use of the factors presented in TAPPI standards 
T 220 m-53. Since use of basic weight in English units is 
rather common practice and also suggested by TAPPI, this 
may at times lead to some confusion. At this branch hand 
sheets prepared in a British sheet mold contain about 1.2 
grams of pulp on a moisture-free basis. Values presented in 
the tables have been corrected to the same basis weight. 

To assist you we are presenting the methods by which the 
various physical characteristics have been calculated and also 
the factors necessary for conversion to metric units. 


Basis weight: pounds per ream of 500 sheets 25 by 40 in. 


Mullen value, p.s.1. X 100 _ 


basis weight 
points/ream-lb. X 100 


Bursting strength: 


Burst value is converted to metric units, grams/sq. cm., by 
multiplying by 0.5 


breaking load, kg. on 15-mm. strip _ 
basis weight 


Tensile strength: 
grams/ream-lb. 


Tensile value is converted to metric units, breaking length in 
meters, by multiplying by 47.48 
force in grams to tear single sheet X 100 _ 
basis weight 
g./ream-lb. X 100 


Tear resistance: 


Tear factor in metric units is obtained by multiplying by 0.711 


T. F. Cuark, Acting Head 
Agricultural Residues Section 
Northern Utilization Branch 
Peoria, Ill. 


Pulp Light Scattering Coefficients 


To the Editor, Tappi: 
I would like to inquire if any TAPPI information is avail- 
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able on the scattering coefficient as used in pulp testing and a 
standard method for its determination. 
Anton J. HauG 
Nashua, N. H. 


To the Editor, Tappr: 

I know of no TAPPI method for the determination of the 
light scattering of pulp. In the Paper Trade Journal for 
Jan. 6, 1938 (Vol. 106, TS 5), D. B. Judd published a paper 
“Optical Specification of Light-Scattering Materials.’ In 
this paper, he shows how the Kubelka-Munk theory can be 
applied to various types of paper. If one could prepare pulp 
handsheets of controlled thicknesses, he could apply the 
procedures described by Mr. Judd to pulp. 

It might also be possible to evaluate a relative sort of light 
scattering of pulp while it is suspended in water. This would 
be more the type of method used in the plastics industry for 
polymer-molecular evaluations. However, it is necessary, in 
molecular determinations, to have the individual molecules 
completely disbursed in the suspensoid. Since pulp fibers 
consist of large agglomerates of cellulose molecules, it is not 
possible by light scattering methods applied to pulp suspen- 
sions to determine characteristics of the molecules present. 

‘ RicHarp 8S. Hunter, Secretary 
TAPPI Optical Properties Committee 


RECENT BOOKS 


Pulp and Paper Manual of Canada—1955. Gardenvale, 
P.Q. 1955. Buckram, 81/2 * 111/s, 440 pages. $7.50. 


The 25th annual manual is Canada’s perennial annual 
catalog and contains useful information relating to the 
design, operation, specification, and purchasing of paper 
mill supplies. 

Although it is essentially a catalog, each volume contains 
a number of valuable articles. The present volume in- 
cludes flow charts of Canadian pulp and paper mills, en- 
gineering tables and charts on such subjects as conveyor 
belting, equivalents of measure and articles on sawmill 
waste, equipment for barking and chipping, and other 
subjects. 


Handbook of Engineering Materials. Edited by Douglas 
F. Miner and John B. Seastone. John Wiley & Sons, 
New York, 1955. Pyroxylin. 51/2 X 8'/9, 1090 pages. 
$17.50. 


To the experienced plant engineer a new handbook 
dealing with any aspect of engineering is welcome. The 
present volume features four broad classifications: Gen- 
eral Information on Materials (Materials Specifications) ; 
Metals; Nonmetals, including wood, paper, fibers, plas- 
tics, rubbers, fuels, lubricants, and industrial chemicals; 
and Construction Materials, including timber, founda- 
tions, cementing materials, weather, and moisture pro- 
tection. 

The section on paper is interesting. It includes in- 
formation on electrical insulating paper, papers for protec- 
tive applications, inorganic papers, classification of fibers, 
properties of fibers, ete. 

The book, like other similar handbooks is of great 
value and can save the user from unnecessary effort in 
seeking information about materials. 

Note: Books reviewed in these columns may be obtained 


through the Book Department of the Technical Association of 
the Pulp & Paper Industry, 155 E. 44th St., New York 17, N. Y. 
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EMPLOYMENT SERVICE 


Positions WANTED 


E317-55. Manager or Assistant to President. More than 
twenty years’ background in fine and specialty papers. _ Experi- 
ence in technical and quality control, production line super- 
vision, and general mill management. Ability in setting up 
production, cost, and purchasing control systems. 


318-55. Chemist: 36, married, fifteen years’ experience 
laboratory supervision, development of coating pigments and 
coating, and technical development on fourdrinier machines. 
Now employed as operating chemical engineer responsible for 
technical supervision and development on fourdrinier machines. 
Desire position in technical development or operating super- 
vision in Hast or South. 


Positions OPEN 


P474-55. Research Chemist or Chemical Engineer—for group 
leader in research laboratory of Wisconsin kraft pulp and paper 
mill. Prefer man with 2 to 5 years’ experience in technical 
phases of pulp and papermaking, but not necessarily kraft. 
Salary commensurate with experience. Replies held in strict 
confidence. 


P475-55. Paper Chemist, with paper mill experience, graduate 
of a university specializing in paper curriculum preferred, 
desired for laboratory of national organization serving paper 
industry. Work includes research and development work on 
specialty products such as beater additives, sizes, coatings. 
Reply with full details of education, experience, salary require- 
ments. All replies confidential. 


P477-55. Coating Engineer. Expanding  Pacific-Northwest 
wood products company requires research engineer, age 23 to 
29. Graduate chemistry, chemical engineering, or wood 
technology. Education and/or experience in coatings or paint 
technology. [Experience in emulsion or water-based systems 
particularly desirable. Responsible for coatings development 
program. Send résumé. All replies held confidential. 


P479-55. TAPPI Staff technical service man to assist Associa- 
tion Secretary. At least five years’ experience in operating, 
engineering, or technical department of a pulp and paper com- 
pany desirable. Must be industrious, enthusiastic, and able 
to get along well with people. Ability and interest in writing 
needed. Considerable travel involved. Broad interest in the 
many branches of the industry important. Give résumé of 
education and experience and statement indicating in what ways 
you feel that you can be of best service to the Association as 
an employee. State salary expected. 


P487-55. Technical Director. Excellent opportunity for Chemi- 
cal Engineer to supervise all phases of technical control and de- 
velopment work in 70-ton board mill. Must be a man with 
experience in the board industry with ability and initiative. 
Work would include certain phases of production and mill 
engineering. Midwest location. Send résumé of experience, 
education, and salary requirements. Good opportunity for 
advancement to management. 


P488-55. Sales-Service Engineer Wanted. Man with good 
background in groundwood or chemical pulp manufacturing. 
Semichemical pulping experience especially valuable but not 
required, Excellent and unusual opportunity to learn about 
new pulping processes and new pulping equipment. Consider- 
able travel involved. Good starting salary depending upon 
experience. 


P489-55. Sales Engineer Wanted. Challenging position for 
high quality individual interested in selling for old established 
firm manufacturing refiners, continuous digesters, and other 
pulp mill equipment of excellent reputation. Oppportunity for 
varied experience in new pulping processes and machinery 
development. Considerable travel involved, of course, but an 
excellent starting salary plus bonus with prospects of high 
earnings is offered. Experience in mechanical and/or chemical 
pulping desirable. Semichemical pulping experience especially 

esirable. 


P491-55. Positions for Paper Executives. The Nation’s largest 
executive placement agency has an exclusive department for 
the nationwide placement of successful engineers, technical 
men, and salesmen in the paper industry. Immediate open- 
ings in all parts of the country for men under 48 earning over 
$7000. Write to R. Graebner, Graebner Executive Exchange, 
116 8. Michigan, Chicago, Il. 
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Motors. 


benefits, and a good starting salary. 


experience in paper industry required. 


QUALITY CONTROL SUPERVISOR 


A nationwide paper board manufacturer is con- 
sidering applicants for its Eastern Massachusetts and 
Western New York mills. Applicants should have 
statistical quality control experience, chemical training 
and experience in the paper field. Knowledge of 
printing and carton manufacturing helpful. Successful 
applicant will be in charge of Plant Laboratory and 
will have customer contact. Reply to Tappi P4992-55. 

Cooseeeeeeeeeeeeeeoeeeeeee 


GRADUATE CHEMIST 
or 
CHEMICAL ENGINEER 


with education and experience fitting him for research on paper prod- 
ucts. Opening is in an established company making paper for board, 
felt for roofing and floor covering and pulp molded products. Salary 
commensurate with education and experience. In reply state experi- 
ence and salary expected. Reply to Tappi, P494-55, 155 East 44th St., 
New York 17, N. Y. 


WANTED 


Assistant to Technical Director 


Expanding speciality mill located in Southern New Eng- 
land has a challenging position for a Chemist or Chemical 
Engineer. Wonderful opportunity for the right man. 
Must have ability to supervise technicians, do trouble 
shooting, and development work. Under 35 years of age; 
Salary open. Send résumé of personal background, work 
experience, and present salary to Tappi, P495-55, 155 
East 44th St., New York 17, N. Y. 


P493-55. Chemist or Chemical Engineer. Young. Experience 
not essential. Cylinder specialty mill located in central eastern 
New York State. 


P496-55. Paper Chemist. At least two years’ experience with 
paper coatings, adhesives, resins, or development of chemicals 
for the paper industry. Fine opportunity with established 
chemical firm in large eastern city. 


MIscELLANEOUS 


A13-55. Are your Mullen tester readings correct? Standardized 
aluminum foil in ranges 10-15, 25-35, 40-50, and 55-65 Ib. 
available from Testing Foil Service, 304 N. Stevens St., 
Rhinelander, Wis. 


A14-55. Manufacturer’s Representative—Covering the corru- 
gated and boxboard, paper converting, and plastics industries. 
We offer an outstanding line of edge alignment controls to sup- 
plement your present line of machinery products. 
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PAPER CHEMIST 


Reply to TAPPI, P476-55, 155 E. 44th St., New York 17, N. Y. 


Paper Chemist for research and development with a large electronics Division of General 
The position is permanent and many desirable benefits are offered, such as: location in 
progressive and pleasant Indiana city, excellent working conditions, outstanding G.M. employee 


A degree in chemistry or chemical engineering, and 5 years’ 


MARKET DEVELOPMENT 


Excellent opportunity for paper chemist preferably 
with experience in promotion or sale of latices to 


paper industry with progressive established chemical 


company. Send complete resume including expected 


salary, education, and experience. All replies will 


be kept confidential. Send replies to Tappi, P483-55, 
155 East 44th St., New York 17, N. Y. 


CHEMICAL ENGINEER 
OR 
PULP AND PAPER GRADUATE 


A vacancy exists in the Technical Department of our organization 
for a young, creative, aggressive chemical engineer or recent 
graduate of one of the recognized pulp and paper schools. 
Initial work will consist of technical investigations of various plant 
operations with objectives of increased production, improved proc- 
ess control and better paper quality. The opportunity is available 
to perform interesting work with modern, new plant equipment and 


be associated with new process developments. 


Applicants must be recent graduates of a recognized college or 
university. Previous experience in pulp bleaching or pulping de- 
sirable. Essential qualifications are 2 to 5 years experience in the 
paper industry, initiative, self confidence, and ability to work with a 


minimum of supervision. 


The opportunity for advancement in a modern, medium sized, one 
plant company of enviable location is excellent. 


Applications will be treated with strict confidence. Send detailed 


resume of experience and education to— 


TECHNICAL DIRECTOR 
FINCH, PRUYN & COMPANY, INC. 
GLENS FALLS, NEW YORK 
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PEROXIDE BLEACHING 


Record of the Pulp Purification Session—40th Annual Meeting 
FEBRUARY 22, 1955 


The meeting reconvened at 2:10 p.m., Chairman Rapson 
presiding. 

CHAIRMAN Rapson: This is the second half of the sessions 
of the Pulp Purification Committee. This morning we had a 
fairly thorough discussion of the chlorine dioxide bleaching, 
and this afternoon we are going to have a discussion of per- 
oxide bleaching and its various applications. 

Now, as chairman of the Pulp Purification Committee, I 
am merely starting off the proceedings this afternoon. The 
Peroxide ee was organized by Bob McEwen, the 
secretary of our committee, and he has done an excellent job 
in its organization. I know full well how much effort, how 
much time and trouble, go into the organizing of a session like 
this since I had to do the one for this morning, and I want to 
express my appreciation to Bob for the effort he has put into 
organizing this session. 

I am also asking him to take over the chairmanship of this 
session and so I shall now turn it over to him. Bob McEwen! 

(Ropert L. McEwmrn (Becco Chem, Div., Food Machin- 
ery & Chem. Corp.) assumed the chair.) 

CHAIRMAN McHwrn: Members of TAPPI: We are very 
glad to see the size of the group gathered, and hope that more 
will join us in the next few minutes. 

After talking it over, we feel that the presentation of the 
papers and the panel discussion to follow would be smoother 
were we first to present the papers, and have you hold your 
questions for later presentation to the panel. 

On the program today are three papers, and following the 
presentation of the papers there will be a panel discussion on 
which the authors, as well as three other gentlemen from the 
peroxide suppliers, will sit. We hope that you will ask them 
plenty of questions. 

The first paper on this afternoon’s program will be pre- 
sented by John M. McEwen, technical director of the Weyer- 
haeuser Timber Co. mill at Everett, Wash., on the subject of 
“Commercial Application of Peroxides in the Bleaching of 
West Coast Kraft Pulps.” Mr. McEwen! 


Commercial Application of Peroxides in the 
Bleaching of West Coast Kraft Pulps 


J. M. McEWEN, A. E. ERICKSON, and 
C. S. WALSETH 


THE wood species used in the kraft pulping operations 
of the Weyerhaeuser Timber Co. is predominantly Douglas- 
fir. The pulping units are closely integrated with the lumber 
and plywood manufacturing facilities and the tree farm and 
logging operations. Roughly 75% of the Northwest timber 
stands is Douglas-fir and the remainder is a mixture of western 
hemlock, true firs, and red cedar. The former is the major 
source of raw material for lumber and plywood operations 
and the western hemlock and true firs are used in the pre- 
viously established sulphite pulp mills. In our company, 


J. M. McEwnn, Technical Director, Weyerhaeuser Timber Co., Everett, 
Wash.; A. E. Erickson, Technical Director and C. S. Wausprn, Research 
Supervisor, Weyerhaeuser Timber Co., Longview, Wash. 
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the western hemlock and white fir are used as a steady source 
of raw material for two bleached sulphite plants, whereas 
the pulpwood for the kraft operations is over 90% Douglas- 
fir with the remaining fraction comprising hemlock and cedar. 
In these integrated operations, kraft mill chips are produced 
from sawmill and plywood leftovers along with whole logs 
from thinning and relogging programs in the tree farms. 
In addition to the two bleached sulphite units, the company 
operates two bleached kraft units producing market pulp, 
a bleached kraft unit producing container board, and an un- 
bleached kraft unit for liner board. 

Of the various commercially used pulpwood species, Doug- 
las-fir has certain unique and inherent chemical and physical 
characteristics. It has a relatively long fiber length and there 
are pronounced differences in fiber width and wall thickness 
between springwood and summerwood fibers. Under con- 
ventional kraft pulping techniques, the fiber is relatively high 
in alpha-cellulose and low in hemicellulose. These features 
are interrelated with the exceptionally high tearing strength, 
high bulk, and lack of gelatinization on beating. It has only 
moderate bursting strength, fold, and tensile development 
in comparison with northeastern United States and Scandi- 
navian fibers. 

The wood is cooked in conventional stationary digesters 
of about 10 tons capacity. Cooking is accomplished with 
circulation and indirect heating. The pulp is cooked to 
a standard permanganate number of 23, using an active alkali 
to moisture-free wood ratio of about 17%. A typical 
schedule calls for 2 hrs. to a maximum temperature of 173°C. 
with 1 hr. and 15 min. at temperature. The pulp is washed 
on three-stage countercurrent washers, screened and thickened 
on deckers or a fourth washer. 

Three different kraft bleach plants are in use based on the 
following general sequence pattern: direct chlorination- 
wash, caustic neutralization-wash, high density hypo bleach- 
wash, high density caustic extraction-wash, and high density 
hypochlorite-wash. The first plant built in 1947 had all 
batch cells with dump chests to permit continuous washer 
operation. This plant used low consistency caustic neutral- 
ization and also has a sixth stage using hypochlorite in addi- 
tion to the above. The second bleach plant uses all continuous 
towers with low consistency in the first two stages. The 
third bleach plant is a continuous tower system up to the 
final hypochlorite stage. This batch stage has eight Wolf- 
Fletcher-type cells. In this plant the first caustic stage 
can be operated at either high or low consistency. In addi- 
tion, this plant has an additional final acid soak tank and 
washer. 

After bleaching, the fibers are passed through Lindblad 
screens, followed by centrifugal cleaners ahead of the pulp 
drying machines. The pulp machines have fourdrinier 
wet ends, three presses, and Minton vacuum driers. The 
pulp is normally dried to 100% air dry (10% moisture on a 
moisture-free basis). 


Table I lists the more salient bleaching conditions, typical |f 


chemical dosages, and pulp features after the various stages 

when only conventional bleaching chemicals are employed. 
The bleaching process can be considered as a continuation 

of the primary digestion process in the sense that deligni- 
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of good color and strength features. 


Table I. Conventional Bleaching Conditions before Use 
of Peroxide 


Unbleached pulp: permanganate number—23 (bleachability— 
9.5% chlorine); 1% CED viscosity, ep.—450 


Con- Tem- 

Bleaching Chemical, sistency, Time, perature, 
sequence lb./ton % hr. OKs 
Chlorination 140 3 1 18 
First caustic 60 16 1 70 
First hypochlorite 35 16 1 34 
Second caustic 20 16 1 60 
Second hypochlorite 30 16 3.5 35 


fication is continued and undesirable constituents extracted 
with the ultimate aim of producing a stable cellulose fiber 
From a material point 
of view, the bulk of the delignification and purification is 
performed in the initial three stages with a minimum degrada- 
tion and loss of desirable properties. The latter stages produce 
the final brightening action under milder chemical conditions 
since the pulp becomes progressively more sensitive to cel- 
lulosic degradation. From economic and_ practical con- 
siderations it would appear that special and costly bleaching 
agents be applied in the latter stages of bleaching and purifica- 
tion. 


LABORATORY STUDIES 
Procedures 
Laboratory Bleaching. Laboratory bleaches were performed 


with pulp quantities of 1 to 2 lb. All caustic extraction, 
hypochlorite, and peroxide stages were carried out at 12 to 
16% consistency by the use of Hobart mixers. Peroxide 
bleaches were carried out in a jacketted, stainless steel 
container with temperature control provided by hot water 
in the jacket. 

Brightness. Samples from laboratory bleaches were acidi- 
fied with sulphurous acid and formed into thick sheets on 
a Biichner funnel. These were air dried and pressed to 
provide a smooth surface. Brightness values, obtained on 
a G.E. recording spectrophotometer are reported as reflect- 
ance at 458 mmu, referred to MgO. The reported mill 
brightness data were obtained on the standard G.E. re- 
flection meter. 

Brightness Stability. After determining the brightness 
of the air-dried pulp sheets, the sheets were heated 1 hr. at 
105°C. in a circulating oven and the brightness redetermined. 
The loss in brightness resulting from this accelerated aging 


Table II. Effect of Silicate Quantity in Fourth Stage 
Peroxide Bleach’ 
- “Caustic : 
exrtrac- 
tion Peroxide 
4th Stage? 

Chemical added, lb./ton 

NarO2 0 12 12 12 

Sodium silicate 0 0 20 100 

NaOH 40 28 28 28 
Residual peroxide, % am % GO 1 325 
Viscosity, 1% CED, ep. Pf, ele EUG | AE aie. Tel ees 

5th Stage—hypochlorite* 
Chlorine added, lb./ton 15 15 15 15 
Excess chlorine, Ib./ton ff 7 9 5 
Final pH 9.8 Op LOEO Sail 
Viscosity 51 51 _54 55 
Brightness (air-dry ) 85.2 874 387238 «687.6 
Strength at 550 8.-R. free- 
ness x - - 
Burst, pt./100 lb. 173 177 177 172 
Tear factor 2.25 e220 22 1o | 2.20 


treatment has been commonly used as an index of brightness 
stability. For convenience, the values for air-dried and oven 
heated samples are referred to as air-dry and oven-dry 
brightness, respectively. 

Viscosity. Cupriethylenediamine viscosity was  deter- 
mined according to TAPPI Standard T 230 sm-50, using the 
falling ball modification. Values are reported as centipoises 
for a 1% solution. 


Physical Testing. Pulp samples were formed into air- 
dried sheets prior to testing. Refining was carried out in a 
Vally beater with handsheets formed according to TAPPI 
Standard T 205 m-53, using vacuum couching. Handsheets 
were conditioned and tested at 73°F and 50% R.H. Strength 
factors are reported on the following basis: 


points 


basis weight cy) 


Bursting strength, %— 
grains /sheet 


Tae Bee weight 


The basis weight is determined as moisture-free lb./24 
36—480 ream. 


Preliminary Studies 


Much of our early laboratory work during 1951 and 1952 
was concerned with orientation in the effects of basic peroxide 
bleaching variables such as the quantities of peroxide, sodium 
silicate, alkalinity, temperature, and time. Consistency 
was confined to the range of 12 to 16% in order to stay within 
the practical operating limits of the high density bleaching 
facilities of our mills. In the early studies the application 
in the caustic extraction (fourth) stage showed consistent 
brightness gains of 1 to 2 points in the brightness range above 
85. Although brightness gains were also obtained in final 
(sixth) stage applications, close comparisons were not made 
at that time and attention was centered on the fourth stage, 
since this presented the simplest point of addition for initial 
mill trials. 

The effects of some of the variables as well as the extent of 
brightness gains in fourth stage peroxide bleaching are illus- 
trated in Tables II and III. The presence of sodium silicate 
stabilizes the peroxide and an increase in silicate quantity 
slows down the consumption or decomposition of the peroxide. 
This is indicated in Table II by the peroxide residual remain- 
ing after the bleaching time of 1 hr. The final brightness was 
substantially unaffected by the variation in silicate quantity. 
Likewise, a decrease in alkalinity slows down the consump- 


Table III. Effect of Alkalinity in Fourth Stage Peroxide 


Bleach* 
Caustic 
extrac- 
tion Peroxide 
4th Stage? 
Chemical added, 
lb./ton 

NaOH 25 15 10 5 0 

NavOr 0 10 10 10 10 

Silicate 0 30 30 30 30 
Residual NasOr, % ae 0 Trace 6 32 
Final pH net 11.4 11.0 10.4 9.7 
Viscosity 82 86 88 88 92 
Brightness (air-dry) 69.5 79.6 78.4 80.1 79.1 

5th Stage—hypochlorite? 
Chlorine added, 

lb. /ton 15 Ad 15 a3) 15 
Excess chlorine, 

Ib./ton 6 6 6 7 
Final pH 8.8 9.5 9.0 8.9 
Viscosity (air-dry ) 57 58 62 63 
Brightness 85.5 86.2 86.8 86.8 


_ ® Based on mill third stage pulp: viscosity—156, brightness 69.6. 
> Constant conditions: 65°C., 14% consistency, 1 hr. 
¢ Constant conditions: 35°C., 16% consistency, 3 hr. 
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@ Based on mill third stage pulp: viscosity—106, brightness—70.2. 
+ Constant conditions: 75°C., 13% consistency, 11/2 hr. 
¢ Constant conditions: 32°C., 16% consistency, 31/2 hr. 
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tion of peroxide, as shown by the peroxide residuals for 
bleaches listed in Table III. Considering particularly the 
fourth and fifth stage brightness data, there is no indication 
that the results were appreciably affected by the amount of 
alkalinity and the final peroxide residual. 

The bleaches in Table II show a brightness gain of about 
2.0 points with the use of 12 lb. per ton of sodium peroxide, 
in comparison with a control bleach with no peroxide. 
In Table III a gain of about 1.3 points with 10 lb. per ton 
of sodium peroxide is indicated. Viscosity and strength 
values for peroxide bleaches were substantially the same as for 
control bleaches. On the basis of consistent laboratory ~ 
results, of which the data in Tables II and III are typical, 
mill trials with peroxide in the caustic stage were undertaken. 

In the laboratory work, as indicated above, and in later 
mill experience, the rate of peroxide consumption, or the 
residual remaining at the end of a bleach, has not been found 
to be a critical factor when peroxide is used in the caustic ex- 
traction stage. No disadvantage has been observed in com- 
plete exhaustion of the peroxide. In fact, it appears that 
complete exhaustion is consistent with maximum peroxide 
efficiency. However, when peroxide is used as a final stage 
bleach, it is necessary to carry a peroxide residual at the end 
of the bleaching time to prevent alkali reversion. When the 
peroxide is exhausted in a caustic stage treatment, this re- 
version probably occurs, but is overcome in the subsequent 
final hypochlorite stage. 


RESIDUAL PEROXIDE 4%, 


BLEACHING TIME, MIN. 


Fig. 1. Effect of pH of acid pretreatment on peroxide 
stability in subsequent bleaching stage 


sistency and 20°C. After a 10-min. soaking period, the pulp 
Sixth Stage Peroxide Bleaching was drained and washed with a small quantity of distilled 
water. A peroxide bleach, using 20 lb. per ton of Na,O 
at 16% consistency and 75°C. was then applied to each 
sample. The effect of the pH of acid pretreatment on the 
peroxide stability is illustrated by the curves of peroxide 
residual versus time in Fig. 1. The residual curves show that 
a continuous improvement in peroxide stability occurred 
as the acidity was increased to pH 2.5. 

The series of bleaches listed in Table IV was made to com- 
pare six different fifth and sixth stage bleaching sequences as 


During the time that the benefit of peroxide in the caustic 
extraction stage was being determined in mill operations, 
renewed attention was given in laboratory studies to the 
potentialities of peroxide as a final stage super bleach with 
particular emphasis on brightness stability. Reports in the 
literature have indicated improved stability for pulp bleached 
with peroxide in the last stage (1, 2). The use of acid wash 
prior to the last stage was also said to be beneficial (3, 4). 


A series of bleaches was made to determine the degree of follows: 
acidity required for an effective acid pretreatment. This 
study was based on a sample of pulp taken from a bleach 5th Stage calcium hypochlorite followed by 
plant fifth stage washer. Portions of this sample were ad- PEE SIG Ata nag ert 


: 3 : : : (2) 6th stage peroxide 
justed to various pH levels with sulphuric acid at 3% con- (3) 6th stage peroxide with acid pretreatment 


Table IV. Comparison of Peroxide and Hypochlorite in Sixth Stage Showing Effect of Acid Pretreatment and Effect of 
Calcium Versus Sodium Hypochlorite 


= 


Calcium Sodium 
hupochlorite hypochlorite 
5th Stage 
Chlorine, lb./ton 17 17 
Consistency, % 16 16 
Temperature 32 32 
Time, hr.: min. 3:00 3:00 
Final pH 9.0 “9.0 
Residual Cl, Ib./ton 7.5 9 
Acid wash None None pH 2.5 None None pH 2.5 
Ca(OCl)2 Na202 Nax02 NaOCl Nar02 Na202 : 
6th Stage 
Chemical, lb./ton 13 20 20 13 20 
Consistency, % 16 16 16 16 ie 6 
Temperature, °C. 32 75 75 32 75 75 
Time, hr. : min. 3:00 0:45 2:00 4:00 0:30 2:20 
Final pH 8.9 i 11 9.1 11 “id 
Residual chemical 9 lb./ton 3% Dit 8.5 Ib./ton 0% 42% 
Pulp Properties 
I alae (air-dry ) 
5th stage —— 85.1 
OD. —— 4.5 
6th stage 88.4 88.2 9 7 as : 
Brightness (moisture-free) a BOO a ee 
6th stage 81.4 83.4 : 5 5 
vee 85.3 81.5 82.5 85.6 
5th stage <—_—_— 78 ———_____» 
6th stage 54 54 56 54 6s 63 
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- stage, however, 


5th Stage sodium hypochlorite followed by 


(4) 6th stage sodium hypochlorite 
(5) 6th stage peroxide 
(6) 6th stage peroxide with acid pretreatment 


In the peroxide stages, 1% Na2Oz (20 lb. per ton) was used. 
This dosage is higher than has normally been found necessary, 
but was used to assure maximum brightness gains under the 
conditions used. The brightness results of these bleaches 
are shown graphically in Fig. 2. The results for equivalent 
bleaches based on calcium and sodium hypochlorite are com- 
pared by adjacent bars. 


Figure 2 shows that peroxide alone gave substantially no 
improvement in air-dry brightness over the sixth stage 
hypochlorite, although the heat stability was improved some- 
what. With the addition of an acid wash prior to the peroxide 
a substantial gain in brightness resulted. 
The heat stability, or difference between air-dry and moisture- 
free brightness, was substantially the same with or without 
the acid pretreatment. The effectiveness of the acid pre- 
treatment was substantially the same whether sodium 
hypochlorite or calcium hypochlorite was used in the fifth 
stage. 


Consideration of Peroxide as Final Stage of a 


Five-Stage Sequence 


A sixth stage peroxide super bleach was readily adaptable 
to our six-stage bleach plant by the conversion of the final 
hypochlorite stage. Our five-stage bleach plants did not 
present this possibility since there is only one hypochlorite 
stage following the second caustic stage. However, it would 
be possible to reverse the flow of stock to the last two stages 
to give the following sequence: chlorination, caustic extrac- 
tion, hypochlorite, hypochlorite, and peroxide. 

A series of bleaches was set up to test this possibility, and 
also to check the effect of an acid pretreatment in this sequence. 


BRIGHTNESS 
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Fig. 2. Comparison of brightness and heat stability 

obtained in Sixth stage with hypochlorite and peroxide, 

following a hypochlorite fifth stage. Equivalent results 

based on use of calcium and sodium hypochlorite are 
shown by adjacent bars 


Data on these bleaches are shown in Table Y. It is shown 
that no benefit was derived from the reversed sequence with 
peroxide in the last stage. Furthermore, the results were not 
improved by the use of an acid pretreatment with either 
sequence. All bleaches with peroxide in a five-stage sequence 


Table VV. Effect of Point of Addition of Peroxide in Five-Stage Sequence 


Bleach A B C D E 
4th Stage 
Caustic 
Extraction Peroxide Hypochlorite 
Acid pretreatment she None pH 2.5 
NayOs, lb./ton a 10 10 Chlorine, lb./ton 20 20 
NaOH, lb./ton 25 10 10 
Temperature, °C. 65 75 75 30 30 
Time, hr.:min. 1:00 1:15 INSANE f 3:00 2:45 
Peroxide residual, % oe 10 10 Final pH 8.8 8.9 
Viscosity 76 73 68 55 53 
Brightness (air-dry) 76.0 82.3 83.1 84.5 84.8 
5th Stage 
Hypochlorite Peroxide 
Acid pretreatment None pH 2.5 
Chlorine, lb./ton 20 20 20 NavOs, lb. /ton 10 10 
NaOH, lb./ton 10 10 
Temperature, °C. 30 30 30 75 75 
Time, hr.: min. al) 3:00 2350) 115 1:15 
Final pH 9.1 8.9 9.0 Peroxide residual, % 8 9 
Properties after 5th Stage 
Viscosity 49 40) 35 38 38 
Brightness (air-dry) 84.7 86.7 86.8 86.4 86.6 
Brightness (moisture-free ) 79.2 81.8 Sl 81.3 81.3 
Burst, % (550 5.-R.) 4 162 160 164 153 152 
Tear factor (550 S.-R.) 2.40 2.09 2.45 2.40 2.40 
6th Stage—Peroxide 
Conditions—same as bleach F 
(5th stage) 
Peroxide residual, % 16 
Viscosity _39 
Brightness (air-dry) 87.6 
Brightness (moisture-free ) 84.0 
Burst, % (550 8.-R.) 155 
Tear factor (550 S.-R.) 2.45 
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Eigse 3. Batch system for preparation and supply of 
sodium peroxide solutions 


showed a substantial gain in brightness over a conventional 
five-stage sequence with no peroxide. Whenasixth stage per- 
oxide bleach was added to the conventional five-stage sequence, 
brightness and stability were definitely superior to results 
obtained with peroxide in a five-stage sequence. In this series 
of bleaches, the only difference between the five-stage 
and six-stage sequences with peroxide in the last stage is 
the lack of a second caustic extraction in the five-stage 
sequence. The difference in brightness and heat stability 
between these two sequences points up the fact that a final 
super bleach stage does not eliminate the necessity for careful 
preparation of the pulp in the early stages of the sequence. 

The fact that the acid wash did not prove beneficial in this 
series of bleaches is probably related to the source of the pulp. 
The third-stage pulp used as the basis for this study was from 
a different mill than the pulp used in the prior experiments 
with acid pretreatment. This indicates that the acid wash 
ahead of a peroxide stage is a treatment which may or may 
not be beneficial, depending upon the source of the pulp, or 
the circumstances or conditions to which the pulp has 
been exposed. The opinion is commonly held that the 
improved peroxide stability obtained by an acid pretreatment 
is at least in part the result of removal of heavy metal ions 
from the pulp. If this is the case, the benefit of the acid 
treatment may logically depend upon the extent to which 
these ions are present in a given mill system. 


EQUIPMENT REQUIRED FOR 
PEROXIDE BLEACHING 


The equipment additions or changes required to provide for 
the use of peroxide in our kraft bleach plants were relatively 
simple and inexpensive. A schematic diagram of the system 
used to prepare and supply the bleaching chemical solution 
is shown in Fig. 3. 

The systems originally provided on a trial basis have con- 
tinued in use for over a year with only minor modifications 
or improvements. The system used in both mills consists 
of a mixing tank for peroxide solution, facilities for storage, 
supply, and measurement of sodium silicate, a storage or 
supply tank for the peroxide solution, and a supply pump 
and rotameter. The requirements of construction materials 
are not stringent. 

With regard to the details of the system and procedure for 
preparation, storage, and supply of the peroxide solutions, 
information and advice from peroxide suppliers is readily 
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available and has proved entirely satisfactory. There is no 
need to cover these details in this paper. However, it may 
be of interest to point out what was used for peroxide mixing 
facilities in our mills, as examples of the adaptability of exist- 
ing equipment. In one bleach plant there were eight batch 
bleaching cells in the final hypochlorite stage. Ample capacity 
in this stage permitted one of these cells to be converted to use 
for mixing peroxide solution. This cell, which is tie lined, 
has a capacity of 13,500 gal. so that 2000 Ib. of peroxide can 
be made up in a single batch at 16 grams per liter. The 
iron screw-type agitator in this type bleach cell provides ade- 
quate agitation and has not proved harmful to peroxide stabil- 
ity. Asecond cell has recently been converted to provide addi- 
tional capacity for mixing and storing the peroxide solution. 
In another location, it was convenient to convert one of the 
ealcium hypochlorite bleach liquor make-up cells to mix per- 
oxide solution. This concrete tank has proved entirely 
satisfactory. In both cells, peroxide solution is mixed only 
once a day, requiring 1!/, to 2 man-hr. 

The peroxide-silicate solution is applied to the pulp through 
a shower pipe as the stock leaves the washer. It is diluted 
with a flow of water immediately ahead of the shower for 
improved distribution. An independently metered caustic 
solution is used to provide controlled alkalinity. In one mill 
the stock is heated with steam in a double shaft mixer before 
dropping into a continuous high density tower. In the plant 
with batch operation, the steam is admitted directly to the 
Batch cell, and about 30 min. is required to bring the tempera- 
ture up to maximum. 

The second peroxide system to be installed was designed 
substantially as a permanent batch system. The cost of 
this system was $5000 which may be considered a low invest- 
ment for the provision of a revised bleaching stage. 

The use of a special bleaching agent such as peroxide is 
not the only important consideration in the production of high 
brightness, and maximum brightness stability. Of at least 
equal importance are such factors as water and white water 
quality, washing, careful preparation of the pulp in the initial 
purification stages, and neutralization of residual alkalinity 
after the final bleaching stage. The provision of facilities to 
allow proper attention to these factors must not be neglected if 
maximum pulp quality is to be obtained. 


APPLICATION OF PEROXIDE IN 
CAUSTIC EXTRACTION STAGE 


The mill in which peroxide is now regularly applied in the 
caustic extraction stage employs the following sequence: 
(1) chlorination; (2) caustic extraction, hot-high density; 
(3) hypochlorite; (4) caustic extraction—peroxide; (5) 
hypochlorite; (6) acid wash. 

All stages are continuous except the second hypochlorite 
stage which employs batch cells. Each of the stages listed 
is followed by a washer. Calcium-base hypochlorite is used. 
The chlorination, caustic extraction, and hypochlorite stages 
are conventional operations. 


The acid wash stage was incorporated in the bleach plant 
design to provide for the reduction of ash on dissolving pulp 
grades and to improve washing on regular grades. It is not 
properly considered a bleaching stage, though the thorough 
washing which it provides is a very important factor in the 
production of a high brightness, stable pulp. Only sufficient 
acid is applied to maintain a headbox pH of about 7.0 at the 
Minton drier. 

This plant employs Lindblad screens after the bleach plant. 
These are high consistency (2%) screens and do not provide 
the effective dilution and washing action obtained with con- 
ventional flat screens and deckers. The acid wash stage . 
compenstates for this factor. 


Peroxide Stage Conditions 


When converting to peroxide we only substituted peroxide 
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Fig. 4. Comparison of brightness at successive stages with 
and without peroxide in fourth stage 


solution for part of the caustic, and increased the temperature. 
The normal conditions are: 


Na.O2—7 to 13 lb./ton 

NaOH—7 to 13 lb./ton (Na2O2 plus NaOH should total 
20 lb./ton) 

Consistency —16% 

Temperature—75°C. 

Time—1 hr. 

Final pH—11 

Final Na2O:—none 


When peroxide is used in the caustic stage a substantial 
brightness gain is made in comparison with the brightness 
after a normal caustic extraction. This differentialis narrowed 
down in the subsequent hypochlorite bleach. In the original 
peroxide mill trial a survey of conditions after each stage 
was made to compare with normal operation. The manner 
in which the brightness varied from stage to stage for the 
peroxide sequence as compared to the normal sequence is 
shown in Fig. 4. 

The bleaching potential of peroxide can be directed toward 
either a maximum increase in brightness or toward higher 
strength. If higher strength is desired, the addition of per- 
oxide is accompanied by reduction in hypochlorite stage con- 
ditions. During one trial period with the fourth stage peroxide 
bleach, conditions were set for the objective of maximum 
brightness for a week, then the final hypochlorite stage con- 
ditions were cut back for a period to give maximum strength 
at normal brightness. Average results for these periods, as 
compared with normal quality without peroxide are shown in 


Table VI. 


Table VI. Results of Mill Trial with Peroxide in Second 
Caustic Stage of Five-Stage Bleach Plant” 


Bursting 
TAPPT strength 
brightness increase, Net cost 
ee increase, pt./100 increase, 
Objective pt. lb. $/ton 
High brightness ia) 5 2.10 
High strength 0.5 25 1532? 


Using 10.5 lb. NavOo/ton. 
6 Taking credit for reduced hypochlorite dosage. 


APPLICATION OF PEROXIDE IN FINAL STAGE 


The results of laboratory investigations, previously men- 
tioned, justified a mill trial with peroxide in the last stage. 
One of our bleach plants was well adapted to this, having two 
batch hypochlorite stages after the second caustic stage. 


# The sequence in this bleach plant is as follows: (1) 
chlorination; (2) caustic neutralization—cold, low density; 
(3) hypochlorite; (4) caustic extraction—hot, high den- 
sity; (5) hypochlorite; (6) hypochlorite—peroxide. 

All stages are batch except the second stage neutralization 
which is a low consistency, low temperature treatment. 
Each of the stages listed is followed by a washer. Residual 
alkalinity in the sixth stage stock is neutralized with sulphur 
dioxide ahead of the washer. The only change required to 
adapt the last hypochlorite stage in this sequence to peroxide 
was to provide for increased temperature. To accomplish 
this, direct steam was piped through a steam ring at the bottom 
of each batch bleaching cell. A rotameter and shower were 
provided for the addition of peroxide solution at the fifth 
stage washer. 


The conditions which have been developed for sixth stage 
peroxide bleaching are: 


Na2O.—8 to 12 lb./ton 
NaOH—none 

Consistency—16% 

Maximum temperature—70°C. 
Time—1!/, hr. 

Final pH—10.7 

Final Na,xO.—15 to 20% of initial 


These conditions differ from the fourth stage application 
in that no caustic is used in addition to the sodium peroxide, 
the total time is slightly longer, and a substantial residual 
peroxide is carried to the end of the bleach. It has been found 
necessary to carry this residual in order to prevent alkah 
reversion. Karly experience showed that when the residual 
dropped to zero, the brightness off the machine dropped 
about 2 to 3 points. There is evidence that 0.1% chlorine as 
hypochlorite added to the Bellmer in such an instance will 
correct the condition, bringing the brightness back to normal. 
The addition is made at the Bellmer because of the poor m1x- 
ing that would result from addition to the bleaching cell. 
Occasion to verify this in the mill has been very limited but 
in one borderline case the results were good. 


Acid Treatment 


A short trial was made to determine the effect of an acid 


Table VII. Comparison of Results with Peroxide in Fourth and Sixth Stages from Mill Trials in Six-Stage Bleach 


Plant 
- - ‘ a jae : ; - Bursting 
strength 
Na202 Brightness Increase, Net cost 
Type of quantity, No. of increase, pt./100 increase, 
peroxide bleach 1h./ton stages pt. lb. $/ton 
Fourth stage 10 6 1.3 0 2.00 
Fourth stage 10 lie 0 15 1.40 
Sixth stage 10 6 1.0(+1.0)° 10 Ol 
Sixth stage with F ; 
acid pretreatment 7 6 1.0 (+1.0)° 10 213 
* One hypochlorite stage eliminated. : 
b’ Recession in bale (1-month) reduced by 1.0 point. 
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wash prior to the peroxide stage. Sulphuric acid was added 
at the suction of the stock pump which delivers diluted stock 
to the fifth stage washer. The stock was acidified to pH 
3.5 to 4.0, requiring 25 lb per ton of sulphuric acid. 

The peroxide application was reduced 30% (from 10 to 7 
lb. per ton) and the strength and brightness of the pulp 
remained at the normal level, as did the brightness recession. 
This trial was necessarily of short duration because the fifth 
stage washer and stock pump were not constructed of acid 
resistant materials. Results of this run suggest the possiblity 
of maintaining a higher brightness level with the normal per- 
oxide application. This was not tried because of the equip- 
ment limitations. Following this run the peroxide dosage was 
left at 7 lb. per ton for ashort time. A 0.5 to 1.0 point bright- 
ness drop resulted. In order to take advantage of the 
benefits of an acid pretreatment, replacement with acid re- 
sistant equipment where necessary is scheduled for this plant. 


Comparison of Fourth and Sixth Stage 
Peroxide Bleaching 


It is of interest to compare the results which have been 
obtained with fourth stage and sixth stage peroxide bleaching 
in the same bleach plant. This comparison is shown in 
Table VII. The values shown in this table represent an 
appraisal of operating data and pulp quality for periods of 
extended operation. When peroxide was used in the fourth 
stage, followed by two hypochlorite stages, the brightness 
gain, compared to a bleach without peroxide was about 1.3 
points, and pulp strength remained unchanged. When one 
of the final hypochlorite stages was cut out, the brightness 
gain was eliminated, but pulp strength increased as indicated 
by a gain in bursting strength of 15 pt. per 100 lb. at 550 
S-R freeness. When the peroxide was used to replace the 
hypochlorite sixth stage the burst increase was 10 points and 
the brightness increase off the machine was 1.0 point. How- 
ever, indications are that brightness reversion in the bale was 
reduced by 1.0, so that a net gain of 2.0 points was ob- 
tained. This comparison indicated a definite superiority 
for the sixth stage application in this mill. 


IMPROVED CONTROL 


The brightness gains which have been shown to result from 
the addition of a peroxide bleaching stage may appear to 
be small. However, it is well known that as the brightness 
level is increased in the range above 85, additional gains are 
obtained with increasing difficulty. Furthermore, when it is 
attempted to operate in this range with only the conventional 
chlorine, caustic, and hypochlorite stages, the control of 
bleach plant operation to maintain maximum strength and 
brightness is a delicate and touchy matter. One distinct 
advantage of the peroxide bleaching stage which we cannot 
measure in points of brightness and bursting strength is the 
the fact it has smoothed out the over-all bleach plant op- 
erations and minimized the problems of control. 
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CuatrMAN McEwen: Thank you very much, John 
McEwen, for presenting such an interesting and lucid paper. 

The next paper is “Bleaching Northern Kraft with Per- 
oxides,” by R. E. Noreus and R. P. Hella, of Northwest 
Paper Co., and the paper will be presented today by R. E. 
Noreus. 
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Bleaching Northern Kraft with Peroxides 
R. E. NOREUS and R. P. HELLA 


THD RESULTS reported in this paper were obtained in 
the commercial operation of sodium and hydrogen peroxide 
bleaching stages at The Northwest Paper Co., Cloquet, 
Minn., during the past year. The pulps were produced from 
jack pine for use in their own paper mills. 

A TAPPI monograph (/) on pulp bleaching was published 
in 1953. Peroxides in the bleaching of kraft were indicated 
to be in the mill trial stage and not yet in production processes. 
Later reports (2-4) on this subject were published during 1954 
on laboratory and development work. There appears to 
be very little published information on commercial peroxide 
operations. It is in this category that the following observa- 
tions are reported. 

In general, it can be said at the beginning that the use 
of sodium peroxide in commercial kraft bleaching over an 8- 
month period in a chlorine, peroxide, hypochlorite process 
has produced a brighter, stronger pulp in four stages than 
was formerly obtained in five stages with a chlorine, caustic, 
hypochlorite process. Superbleaching with hydrogen peroxide 
in wet laps has increased the brightness additionally on small 
tonnages when desired. 


SODIUM PEROXIDE BLEACHING 


The bleach plant from which these data have been ob- 
tained started operation in 1948. It is a continuous five-stage 
tower system designed for 100 tons air-dry, unbleached 
basis, jack pine kraft pulp. The five-stage sequence consists 
of the following: first, low density acid chlorination; second, 
Hooker chlorination in which low density acid chlorination 
is followed by a neutralization with lime; third, medium den- 
sity caustic extraction; fourth, medium density hypochlorite; 
fifth, low density hypochlorite. 

In converting to sodium peroxide, the third stage caustic 
extraction was chosen as the most desirable location for 
peroxide addition. The only additional equipment required 
was that necessary to make up and deliver the sodium peroxide 
bleaching solution to the tower mixer. This solution replaced 
the caustic solution formerly used. 


It was determined shortly after changing over to the sodium 
peroxide system that the desired 3 points of brightness— 
from the 78 to 79 range to 81 to 82—could be obtained with the 
fourth stage by-passed. Since it was a medium density stage, 
it fitted into a three-stage sulfite bleach process. This made 
possible the discontinuance of a high cost third stage batch 
bleaching on sulphite pulp with a resulting lower cost sulphite 
bleaching. 

The peroxide bleached kraft reported here then consisted 
of four stages: first, acid chlorination; second, Hooker chlo- 
rination; third, sodium peroxide; fourth, calcium hypochlorite. 

Bleaching conditions for stages three, four and five of the 
two systems were as follows: 


STANDARD SysTEM 
Stage 3—Caustic Extraction: 
1.25% NaOH on air-dry pulp 
11% consistency air-dry 
150°F. 
Stage 4—Hypochlorite: 
0.4% chlorine (calcium hypochlorite) on air-dry pulp 
13% consistency air-dry 
100°F. 
Stage 5—Hypochlorite: 
0.4% chlorine (calcium hypochlorite) on air-dry pulp 
3.5% consistency air-dry 
100°F. 


R. E. Norgvus, Manager, Technical Service Department, and R. P. HeLa, | 
Manager, Pulp Manufacturing Department, The Northwest Paper Co., 
Cloquet, Minn. | 
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PEROXIDE System 
Stage 3—Sodium Peroxide: 


0.8% sodium peroxide 

2.0% sodium silicate (42° Bé.) 
0.12% Epsom salts 

11% consistency air-dry 
160°F. 


Stage 4—Hypochlorite: 
0.4% chlorine (calcium hypochlorite) on air-dry pulp 


Comparative Results 


A summary of the mill data has been compiled in order 
to compare the results obtained from bleaching with the 


_ standard five-stage system and the peroxide four-stage system. 


These data are taken from the months of March—October 
inclusive 1953 for the five-stage standard system, and March-— 


_ October inclusive 1954 for the four-stage peroxide system. 


| 
| 


_ for the two processes has been made. 
_ tests for each time period. 
ratory beater to 760 ml. Schopper-Riegler freeness. 


- comparison, the unbeaten freeness was approximately 840 


| 24 X 36—480, hot, moisture-free test sheets. 
conditions, the decrease in bursting strength results by bleach- 


| TAPPI 


During these periods, bleaching conditions in the three stages 
used for both systems were unchanged. 

From this point on, the original five-stage system will 
be referred to as ‘‘standard” and the four-stage system as 
“peroxide.” 

The unbleached pulp had an average permanganate number 
of 22.1 in the standard pulp and 20.6 in the peroxide pulp. 

Standard pulp was bleached at an average of 117 air-dry 
tons per day unbleached basis compared to 124 for peroxide 
pulp. This increase in production rate together with the 
elimination of one stage reduced the total bleaching time from 
400 min. for standard pulp to 260 min. for peroxide pulp. 
Hypochlorite bleaching time was reduced from 204 min. in 
the two stages for standard pulp to 78 min. in the one stage 
on peroxide pulp. 

Over the comparison period, the peroxide system pro- 
duced an 81 average pulp brightness compared to 79 with the 
standard system. More recently, by obtaining consistencies 
over 4% in the low density stages, 82 to 83 brightness has been 
maintained regularly. The over-all gain, therefore, now 
appears to be 3 to 4 points. Papers made from the peroxide 
pulps are increased in brightness equivalent to the pulp 


increase. 


A comparison of the relative strength drop on bleaching 
These data were taken 
from approximately 3000 bleached tests and 1000 unbleached 
Pulps were beaten in a 3-lb. labo- 
For 


The data reported were taken on 37 lb. basis weight, 
Under these 


mol. 


ing was 2% for the standard pulp and only 1% for the peroxide 
pulp. The decrease in Elmendorf tear resulting from bleach- 
ing was 10% for the standard pulp and only 9% for the per- 
While the difference was slight, the advantage for 
both tests was with the peroxide pulp. 

Using the drop in brightness on heating pulp sheets at 
105°C. for 1 hr. as a measure of brightness stability, the 
results on mill pulp were inconsistent but indicated that both 
pulps had approximately the same range, 6 to 9 points. With 
the same test applied to laboratory bleached pulps, the ad- 
vantage, if any, appeared to be with the standard pulp. 

Some data were available on white 100% bleached kraft 
papers made from the two types of pulp. After approximately 
11 months of natural aging under identical storage conditions, 
the paper from standard pulp had decreased 0.3 to 0.4 points 
less in brightness than the paper from peroxide pulp, indicat- 
ing very little difference in this property. 

Based on 1954 chemical costs, the four-stage peroxide 
pulp had an additional cost per bleached air-dry ton of 
$2.44 when compared to the five-stage standard pulp. 

_ Using mill bookkeeping calculations, the shrinkage in weight 
through bleaching was 0.6% less for the peroxide pulp. 
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Conclusions 


From the mill results obtained up to this point, the sub- 
stitution of a sodium peroxide stage for the final caustic 
extraction stage has produced a very satisfactory pulp. The 
brightness of both the pulp and the resulting paper has been 
increased with no loss in strength and with fewer stages re- 
quired. In this particular operation, the additional chemical 
cost of $2.44 per ton was partially met by using the idle 
stage in another pulp bleaching sequence with a resulting 
cost saving to the bleach plant in labor, maintenance, and 
power. 


SUPERBLEACHING 


While kraft brightness in the 81 to 82 range meets most of 
the paper mill requirements, there are occasional demands for 
small tonnages in the 84 to 85 range. This pulp has been 
supplied by using the Becco cold steep process (4). 


Bleaching Conditions 


In this process, bleached kraft from the bleach plant is 
showered with a hydrogen peroxide solution as the sheet 
passes through a wet machine. The impregnated laps are 
stored at room temperature. Brightness increases to ap- 
proximately 85 after a period of several days and then grad- 
ually decreases. 

The rate of application of chemical on the air-dry pulp 
has been 0.4% of 50% hydrogen peroxide, 2.5% sodium silicate 
(42° Bé.), and 5 lb. of Epsom salts per 1000 gallons of bleach 
solution. The liquid flows by gravity from either of two 
makeup tanks through a meter to a perforated shower pipe. 
The wet machines used are single press felt machines. The 
shower applies the bleach solution to the cut sheet on the 
felt just before the breaker roll. The air-dry consistency of 
the sheet is reduced from 37 to 30% by the bleach solution. 
Production rate per machine is approximately 40 tons per 
day air-dry. 

The chemical cost of this process based on approximately 
700 tons produced has been $2.66 per ton of air-dry bleached 
pulp. 


Results 


Over a period of 40 days lap storage, steep bleached pulp 
starting at 81 brightness increases to a peak of approximately 
85 and then gradually decreases to 82 to 83. Under the same 
conditions, peroxide four-stage pulp starting at 81 gradually 
drops to 77 to 78. 

In a limited number of strength tests made in the same 
manner as mentioned previously, there appeared to be no 
appreciable change in the bursting strength and tear of 
the steep bleached pulp after a 2-week storage. 

Based on the 1-hr. heating of pulp sheets at 105°C., 
there is no significant difference in brightness stability between 
sodium peroxide bleached pulp and the steep bleached pulp 
made from it. 

The use of steep bleached pulp in papermaking has been 
mainly confined to mixed pulp furnishes under conditions which 
have not permitted comparative results to be obtained. 


Conclusions 

Up to this time, it can be reported that hydrogen peroxide 
bleaching of bleached kraft after a sequence containing 
a sodium peroxide stage produces a pulp 3 to 4 points brighter 
with no strength changes and no change in brightness 
stability as measured by the I-hr. heating test at 105°C. 
Chemical cost of the process has been $2.66 per air-dry ton. 
The effect of the additional pulp brightness on paper bright- 
ness has not been definitely determined. 
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CuarrmMaNn McEwen: We are very appreciative of Bob 
Noreus’ presenting his paper. Again, I might mention that 
we will hold questions until the panel meets following the 
presentation of the next paper, which is “Pilot Plant Studies 
of the Hypochlorite-Peroxide Bleaching of Sulphite Pulp,” 
by W. K. Voss and I. C. MacGugan. It will be presented by 
W. K. Voss, of the Ontario Paper Co. 


Pilot Plant Studies of the Hypochlorite- 
Peroxide Bleaching of Sulphite Pulps 
W. K. VOSS and I. C. MacGUGAN 


Tue Ontario Paper Co. which operates mills at 
Thorold, Ont., and through its subsidiary, the Quebec North 
Shore Paper Co., at Baie Comeau, Que., is primarily a pro- 
ducer of newsprint for its publisher-owners. Surplus pulp 
production at both mills is utilized to make well-known sales 
pulps which are exported under the trade name “Opco 
Strong Unbleached Sulphite,” ““Hy-Bulk Groundwood,” ete. 

It had been noted by technical members of the Ontario 
Paper Co. that two Wisconsin mills were successfully employ- 
ing a high-density bleaching method using hydrogen peroxide 
in a single stage—one on groundwood pulp and one on deinked 
waster directory paper. Accordingly the BECCO Chemical 
Div., who developed the peroxide method of high density 
bleaching, were approached to see if the method could be 
adapted to.sulphite bleaching. 

Laboratory bleaching trials were undertaken in the summer 
of 19538. These trials showed that pretreatement with 
hypochlorite bleach liquor is required for the low-cost bleach- 
ing of sulphite with peroxide at high density. Further 
tests were made at this time, including the effect of varying 
the alkali concentrations of the peroxide bleach liquor, 
pulp shrinkage, and viscosity tests. The latter indicated no 
fiber degradation took place during bleaching. Bleached 
pulps of 80+ brightness were obtained, and the chemical 
consumption from a cost viewpoint looked very encouraging. 

Meanwhile arrangements had been completed with the 
University of Florida to carry out cooperative pilot plant 
bleaching studies in the Department of Chemical Engineer- 
ing wherein Jackson and Church Co. had set up commercial 
equipment for high density bleaching. Four tons of 50% 
air-dry unbleached sulphite sheets from a Kamyr machine 
were baled and shipped for pilot scale bleaches in November, 
1953, using bleaching conditions developed by BECCO. 
Samples of all bleached pulps were pressed, wrapped in 
Pliofilm, and returned to the authors’ respective laboratories. 


PRELIMINARY LABORATORY WORK 


Since the decision had been made to conduct the trials on 
northern spruce sulphite pulp, it was felt imperative that 
prior laboratory evaluations be made to determine optimum 
formulas, bleaching conditions, and typical bleach responses 
expected from sulphite pulps of varying bleachability. 


W. K. Voss, Assistant to the Manager of Manufacturing, The Ontario 
Paper Co., Ltd., Thorold, Ont., and I. C. MacGuean, BECCO Chemical 
Div., Food Machinery & Chemical Corp., Buffalo, N. Y. 
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High density peroxide stages were studied in view of previous } 
studies comparing moderate versus high density systems, 
wherein high density showed chemical cost advantages of 
about 20% (1). 

Representative samples of spruce sulphite pulp were 
selected from commercial cooks made at Ontario Paper Co, | 
with varying permanganate numbers as follows: 


KMn0O4 Unbleached 

Pulp No. brightness 
E 1335) (ol 7 
F 16.9 58.3 
G 18.9 62.4 
H 15.0 63.0 


Laboratory evaluations are summarized in Table I which |) 
shows only a few of the numerous tests actually made. 

In these tests all pretreatments were made at 3.0% oven 
dry consistency and ambient temperatures. The peroxide | 
stages were conducted at 25% moisture free consistency and 
at 50°C. for the noted retention periods. 

As pulps E and H, of 13.5 and 15.0 KMnQ, no., out of the || 
four samples submitted, showed the most interesting results |) 
from a commercial viewpoint, only data from their evaluations 
have been shown in this table. 


Table I 
Peroxide stage 
Pretreatment ——% Applied chemicals— Brightness 
% av. Cle 202 ——~-after—— 
Pulp (as Ca(OCl)2) (50%) Silicate NaOH 3 hr. 4 hr. 
E 3.0 1.00 4.00 0.75 81.5 81.4 
3.0 1.00 4.00 1.00 82.4 83.2 
on 1500 A OO enOO 190 Ses 
4.0 TOO Ret 00 SOR co ruin) aill(0) 
4.0 1.25 4.00 0.75 82.7 8282 
4.0 1.50 4.00 1.00 82.9 82.9 
Unbleached sa ek nee 61.7 ee 
H 3.0 0) EEO) 2} 79.2, ~S0RS 
4.0 TOO EAs 50 OR Mo 16.6 (9a 
4.0 if a0) 4b x0) 25 82.4 83.0 
Unbleached Rie. sa Sade 63.0 ae 


Since pulps E and H proved to be of particular interest, 
bleached yield determinations were made on these two pulps 
and the data subjected to statistical analysis which showed 
no significant difference between the yields on the two pulps. | 
Average percentage loss for the two pulps was calculated at 
approximately 4.4% + 1.6 at the 5% error level. 


For the purposes of comparison, conventional two-stage 
chlorination-hypochlorite bleaches were given to pulp E 
which had a chlorine demand of 6.72%. 


Chlorination: 4.7% chlorine, pH 2.0, 3.0% consistency, 45 | 
min. 

Hypochlorite: 2.0% available chlorine (as calcium hypo- 
chlorite), pH 10.0, 12.0% consistency, 110° F., 90 min. 


The resulting brightness achieved was 74.0 G.E. 

These data when contrasted to the bleaching results obtained 
by the hypochlorite-hydrogen peroxide sequence clearly 
showed the superiority of the latter method insofar as the 
bleach response of these particular sulphite pulps was con- 
cerned. 

While the laboratory evaluation of the two-stage hypo- 
chlorite-hydrogen peroxide process showed quite favorable 
brightness levels it was felt that superior results would be 
achieved in pilot or commercial practice. This opinion was ° 
based on past experience which has shown that the more 
intimate blending of bleaching chemicals and pulp obtained by _ 
commercial high density mixing equipment could not be. 
duplicated by laboratory techniques. Commercial equip- | 
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press, a refiner-mixer, a tile-lined retention tower, a neutral- 
ization chest, and the necessary piping and pumps. 

For each trial run approximately 500 lb. of the selected 
sulphite pulp was slurried to 3.0% consistency in the hy- 
drapulper and the predetermined amount of calcium hypo- 
chlorite (as HTH powder—70% available chlorine by weight) 
added. The pulp slurry pH was quickly adjusted to pH 9.0 
with dilute sulphuric acid and pumped over to the storage 
tank. Reaction time was considered complete when more 


Dilation & Meutrelisation than 90% of the available chlorine added had been consumed 
Te Sitch ead by the pulp. 
Ee. Eee At the end of the retention time, the treated pulp was 
; pumped to the screw press where it was dewatered to 38 to 
Fig. 1. Schematic flow plan of hypochlorite-peroxide 45% moisture-free consistency. The white water from the 


; bleaching process press was sewered and the pressed pulp collected in drums. 


The alkaline peroxide bleaching solution was metered to 
the rotary mixer. The bleach liquor strength is dependent 
on three conditions, namely; rate of pulp flow, minimum 
amount of solution necessary for optimum mixing of liquor 
and pulp, and the desired percentage of bleaching chemicals 
to be added to the pulp. 


Pressed pulp and bleach liquor were then fed to the rotary 


ment invariably results in additional brightness increments 
of 3 to 5 points. Later experimental work using the pilot 
high density bleaching unit confirmed this surmise. 


PILOT PLANT STUDIES 


Since the pilot plant equipment for high density bleaching mixer. From the mixer the treated pulp entered the high 
studies at the Engineering and Industrial Experimental Sta- speed blower where it was mixed with steam and blown into 
tion of the University of Florida has been well described in the retention tower. Heated pulp was held in the tower for 
previous technical papers (2) only a brief description will the specified retention time required for bleaching. Bleached 
be given here in conjunction with the schematic flow sheet pulp was then diluted in the base of the tower and pumped to 
shown in Fig. 1. The pilot plant equipment consists of a a dilution and neutralization chest. Any residual peroxide 
steel tank for slush pulp storage, a small hydrapulper, a screw remaining was neutralized in this chest with sulphur dioxide. 

Table II 
SS 1st Stage— 
Pressed 2nd Stage —_— 
consistency @ Formula Bleach 202 — Reten- 
Pulp and Bright- — (mois- moisture-free consist - resid- tion, Type = Brightness = 
TUN no. Conditions ness  ture-free) basis ency ual hr. bleach Fla. Becco Ont. 
BI, 4.0% av. Ch 64.4 42.4 1.25% HO» (50%) 32.0 Or Otel! P 82.4 
K# 15.4 4.0% consistency 4.50% silicate 736.0 2 IP 82.2 
pH 9.0 1.00% NaOH -Temp., 29.4 3 le 82.4 
60 min. retention 133K Zone 3 iy 83.5 84.6 
UT, 4.0% av. Cls 65.1 42.5 1.02% H2O2 (50%) 33.9 47.1 1 P SIP2 
K# 15.4 3.4% consistency 4.50% Silicate 37.0 2 1? 82.4 
pH 9.0 0.65% NaOH Temp., 34.6 3 IP 81.9 
60 min. retention UB IE, Deas all 4 1P 80.9 
es 3 aD 82.8 86.2 85.7 
A ITI, 3.0% av. Cle 65.2 43.5 0.495% H2O2 (50%) 35.0 13.4 1 12 80.4 83.0 83.7 
K# 13.6 4.2% consistency 4.0% Silicate 
pH 9.0 0.35% NaOH Temp., 
80 min. retention 138°F. 
0.74% H2O2 (50%) 35.0 4.6 1 Pam Sies =e 
4.0% Silicate 20.2 2 1e 83.3 85.4 
0.50% NaOH Temp., 
138°F. 
0.98% HOz (50%) 35.0 3.5 1 P. 183-4 ae 
4.00% Silicate 2.00 2 12 83.1 86.8 
0.75% NaOH Temp., 
138°F. 
x LV, None iA 50.0 1.24% H2Or2 (50%) 36.5 38.2 2 1e 72.9 
K# 13.6 4.00% Silicate 27.6 3 \e 74.5 oe eee 
1.00% NaOH cae 22.2 4 P (Bie SO ENT 
139°F. 
AV, 3.0% av. Cle 67.1 39.6 0.75% He202 (50%) Pal Its) 36.2 1 le 80.8 
K# 13.6 3.6% consistency 4.0% Silicate 33.7 2 P 80.7 
pH 9.0 0.4% NaOH Temp., 26.9 3 P 81.7 
45 min. retention 138°F. 22.4 Bye Ae 81.2 Fos: 
20.0 3.0 ak 80.5 84.0 
B VI, 3.0% av. Cle Ofeo) 4502 0.48% He2O2 (50%) 32.0 20.2 1 1P2 77.6 80.2 
K# 15.4 4.2% consistency 4.0% Silicate 
pH 9.0 0.35% NaOH Temp., 
55 min. retention 143°F. 
0.73% H202 (50%) 32.5 Sita ect Peg L700 me ee eee 
4.0% Silicate 21.5 2 Ne 79.2 eh 83.2 
0.5% NaOH Temp., 
123K. 
1.0% H2O2 (50%) 32.5 Apr Se et P 79.9 si 
4.0% Silicate 32.0 2 1 81.4 84.2 
0.75% NaOH Temp., 
124°F, 


a: Pulp A: Unbleached brightness 57.0 (U. of Fla.) 59.8 (Ont.). 
} Pulp B: Unbleached brightness 59.0 (U. of Fla.) 61.9 (Ont). 
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Table U1. 


Bleached Pulp Properties 


Sample identification Viscosity Sizing” Heat aging? 
re r G.E. CED, absorpliveness, Sa ae! ightness =e 
Ie iain th brightness cps. g./sq. cm. Start Finish 
Pulp A 
Run no. I—1st stage 64.4 23.6 : 
Run no. I—2nd stage 84.6 25.5 ale sane ree 
Run no. IIJ—Ist stage ares 22.3 38.6 68.0 59.7 
Run no. II[J—2nd stage 83.7 25 0 43.7 83.7 74.6 
Run no, [V—single stage 78.7 27.9 37.3 78.7 70.2 
Unbleached 59.8 ozo Te. I 60.0 Sy) 0 7 
Pulp B 
Run no. II—Ist stage 65.1 Dome cE Bae i 
Run no. Il—2nd stage 84.7 25.3 40.4 86.2 Wes 
Unbleached 61.9 35.8 ae aioe one 
Pulp A 
Two-stage chlorination— e 
hypochlorite bleach 74.0 30.2 74.0 67.6 


4 Sizing test—TAPPI standard T 200 m-45. 
b Heat aging—16 hr. at 110°C. 


+ 


Pulp aap thickened and 
ries for testing. 

The operating data and results from these trial runs are 
fully summarized in Table IT. 

It will be noted in Table II, that there are two types of 
bleached samples listed as P and T. Because of the large 
amount of pulp required to operate the high density reten- 
tion tower for one test, it was found expedient to collect 
samples of treated pulp in 2-gal. pails as it entered the tower. 
These small samples (P) were then held at the noted tem- 
peratures in controlled temperature water baths and sampled 
for brightness and other control tests. By this method, 
several bleach runs using different formulations could be 
made in one day as contrasted to a single tower (T) bleach 
per day. During a tower bleach, pails of stock were also 
runas controls. Enough tower bleaches were made to demon- 
strate that a tower is the practical way of holding the pulp 
in retention during the bleaching process. 


shipped to the authors’ laborato- 


The bleached pulp samples, collected during the runs, were 
tested for G.E. brightness, viscosity, sizing, and heat aging. 
These results are given in Table III. Each of the 10 bleached 
pulps were tested for strength evaluations in the Valley 
beater, dirt counts, and optical properties. These results 
are summarized in Table IV. 

One of the more important problems encountered in high 
density bleaching is the formation of tightly-packed bundles 
of fibers which are to be found throughout the pressed stock. 

These bundles or knots are formed by the twisting-squeez- 
ing action of the screw press during the dewatering of the 
pulp. The rotary refiner-type chemical mixer acting on the 
high congistency stock breaks these knots into finer particles 
but does not eliminate them. The fine knots are present 
therefore during the bleaching cycle and have to be removed 
before the bleached pulp may be used. 

Methods have been recommended for knot removal (2) 
which involve the use of additional equipment. While 


Table IV. Physical Properties of Bleached Sulphite Pulp 


po Strength properties— co —_— — Dirt = — 
——at 600 C.S.F.— ——at 300 C.S.F.— Specks Shive 
Run no. (refer to Table Burst Tear Burst Tear per area per Shive -——Papric count—> 
IT for bl. conditions) factor factor factor factor g. 10 g. no. L 
BI 44.5 99 62.5 70 14 0) 0) 156 1192 
BIl 42.0 105 61.5 69 16 0 0) 261 2344 
A Illa 41.5 90 54.5 62 14 0 0) 141 1346 
A III b 42.0 90 SOMO 62 16 0 0) 237 2328 
A Ille 41.0 94 55.0 64 20 0) 0) 132 892 
AIV 3). 95 54.5 64 25 0) 0) 168 2712 
AV 34.5 109 54.5 66 14 0 0) 582 3603 
B Via 44.5 90 61.0 62 20 0 0) 231 2588 
BVIb 45.5 81 61.5 66 17 0 0 212 1792 
BVlie 45.5 95 63.0 62 18 0) 0) 131 1092 
A unbleached 43.0 90 60.5 70 71 45 195 320 1880 
B unbleached 52.0 98 63.0 75 75 50.5 22 220 1520 
Optical Properties of Bleached Sulphite Pulp 
(ref si ible II 
refer to Ta SS e 57 = as : S i 
for bl. COnaitone) Ar. ae aes ec Min. Span shot So oe 
BI 0.846 0.848 0.848 0.909 573 
BIl 0.857 0.854 0.855 0.917 573 ee 
A lila 0.837 0.888 0.835 0.908 573 5.4 
A III b 0.854 0.857 0.852 0.920 574 4.9 
A llIIe 0.868 0.871 0.865 0.928 573 4.4 
AIV 0.787 0.789 0.785 0.874 576 7.0 
AV 0.840 0.843 0.838 0.908 574 6.9 
BVla 0. 802 0. 806 0.798 0.890 574 6.9 
BVI b 0.832 0.836 0.828 0.907 574 5.8 
B Vic 0.842 0.846 0.839 0.914 573 5.5 
A unbleached 0.598 0.602 0.593 0.694 579 10.2 
B unbleached 0.619 0.623 0.615 0.706 579 9.3 
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additional equipment may be required in the case of some 
pulp types, it is believed, from the tests performed on the 
particular sulphite pulps bleached in this study, that normal 
agitation found in mill pumping and jordaning would be 
sufficient to deknot any nodules. 

These tests also indicated that, in some cases, the center of 
the knot may contain some semibleached fibers. The bright- 
ness difference was small, however, and felt to have little 
or no effect on over-all brightness results. All brightness 
determinations on the final bleached pulps were made on 
pads prepared by agitating knot-containing bleached pulp. 


ECONOMICS 


On a comparable basis the cost of this system of bleaching 
and the costs of a conventional two-stage chlorine-hypo- 
chlorite system would look somewhat as follows. 


__— 


Economics of Two-Stage 100-Ton Systems 


High- Moderate 
density density 
hypochlorite- chlorine- 
peroxide hypochlorite 
bleaching bleaching 
method method 
Equipment costs $350 , 000 $505 , OOO 


Total capital investment, 
including building and 
connecting existing serv- 


ices $600 , 000 $755 , 000 
Yearly depreciation at 10% $ 60,000 $ 75,500 
Operating costs per air-dry 

ton 

1. Depreciation $1.95 $2.45 

2. Shrinkage 3.60 (4%) 7.20 (8%) 

3. Chemicals 6.82 4.95 

4. Labor 0.75 OE 05) 

5. Steam 0.30 1.25 

6. Power 0.25 0.25 

7. Maintenance 0.50 0.50 

8. Overhead, including 


supervision, research, 
and technical control 2.50 3.00 


Estimated total bleaching 
cost per air-dry ton 


$16.67 $20.35 


CONCLUSIONS 


1. These trials indicate that by the employment of the two- 
stage hypochlorite-hydrogen peroxide bleaching process, 
considerable cost savings may be effected as compared to the 
‘use of the conventional moderate density chlorination- 

hypochlorite technique. Brightness levels in the 80 to 
2 G.E. range may be obtained by this process for a total 
over-all cost of $0.83 per point brightness per air-dry ton. 

2. Initial capital investment is lower using the high 
‘density hypochlorite-hydrogen peroxide process. Mainte- 
nance and steam would be reduced correspondingly. 

3. Final brightness levels obtained by this process are 
| determined by the hydrogen peroxide concentration used in 


brightness levels from 83+ to 86+ were obtained varying 
> the hydrogen peroxide (50%) concentration from 0.5 to 1.0%. 
The higher brightness levels were obtained with no penalties 
in strength or yield loss. 
- 4. While this study has been listed as a pilot plant scale 
investigation, it should be noted that the majority of the equip- 
: ment used was of commercial size. 
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CuairMAN McEwen: Thank you very much. We have 
planned a panel discussion which wil] be moderated by Ray 
Hatch, vice-president in charge of research and development 
for Hudson Pulp & Paper. On the panel will be our three 
speakers, John McEwen from Weyerhaeuser, Bob Noreus 
from Northwest, and Ken Voss from Ontario, together with 
Roy Fennell from du Pont, Fred Sheldon from BECCO, and 
Bill Schroeder from National Distillers. 

To any of you who doesn’t know Ray Hatch, our panel 
moderator, I’d like to introduce him and turn the meeting 
over to him at this time. He needs no formal introduction 
in view of his long service to TAPPI and to the industry. 

Now, to start with we will take the three papers, and be- 
ginning with John McEwen, we will ask you to ask any ques- 
tions that may have occurred to you during or after the read- 
ing of his paper on his particular subject. 

(There were no questions.) 

Well, then, how about Mr. Noreus’ paper? Can we have 
some questions on that? 

Mr. Parnter (International Paper Co.): I want to ask 
Mr. Noreus whether he ended up his peroxide bleaching with 
a sulphur dioxide sour. 

Mr. Norevs: No, sir. 

Moperator Hatrcu: Any more questions? (There were 
none.) 

Well, I guess that’s going to wind that up, so I would like to 
have any questions connected with Mr. Voss’ paper. 

Epwarp K. Nissen (Solvay Process Div.): Maybe this 
would have been better for Mr. J. McHwen, but Mr. Voss 
mentioned the dirt count and the shives. They did some 
work on that, and I wondered if you noticed any difference 
in the shive count between the standard hypochlorite pulps 
and the chlorine hypochlorite. 

Mr. Voss: I haven’t any figures here, and the only chlorine 
hypochlorite bleaching we did was on a laboratory seale. 
Maybe Mr. Sheldon might remember what those tests were. 
T don’t. 

Mr. SHevpon: I don’t. 

J. M. McEwen: We did have some mill experience com- 
paring peroxide with hypochlorite, and we didn’t get a great 
difference. However, there seemed to be some gain in 
shives with hypochlorite bleaching. In other words, the 
more drastic hypochlorite removed shives, where the milder 
peroxide did not bleach them out so much, 

Norman Lee: I would like to direct this question to Mr. 
Voss. Apart from the saving in capital outlay, do you know 
of any other advantages to this peroxide system that you 
talk about as compared to the conventional hypochlorite 
bleaching method? 

Mr. Voss: Well, the bleaching cost, as estimated from 
these tests, is $3.68 per ton less, and I believe the brightness 
level is considerably higher, even taking that lower cost into 
consideration. 

In other words, comparing these particular pulps, each 
point increase in brightness was obtained for 83 cents a 
ton up to the 80 and the 82 level, whereas from the tests 
made, the same increase in brightness would be around $1 
per point, or a little higher with conventional hypochlorite 
bleaching. 

Mr. Ler: Why did you use room temperature for the 
hypo stage? It seems rather surprising to me. 

Mr. Voss: These formulas were worked out after many 
months of testing in the laboratory by BECCO.  J’ll have to 
ask them that question. 

Mr. SHetpon: Actually, I don’t think we had a great deal 
of data on various ranges of temperature in that stage. 
The pH of this hypochlorite is one of the factors in connec- 
tion with that. 

Mr. Voss: You notice, at the temperatures used, the 
hypochlorite was consumed in 60 min.—that is, up to 90% 
consumed in 60 min. in most cases. 
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Mr. Suevpon: If I understand that question, and I think 
I do now more than I did at first, you are speaking of the 
temperature of the hypochlorite in the second stage. 

Mr. Les: Yes. 

Mr. Suetpon: Well, in that situation, a higher tempera- 
ture drops the pH very rapidly. It increases the reaction, 
so that the pH drops into a range where there might be 
damage done to the pulp 
Mr. Lee: Not with buffer, though. 

Mr. SHEtpon: It seems to work better if you do it at room 
temperature and without buffer. 

Mr. Lee: I think maybe if you just cut down on the time 
there it might be better. 

Mr. Suetpon: I think the danger of damage would be 
greater. 

Moperator Hartcu: Are there any further questions? 
Mr. Nissen: I have a question I would like to clear 
up for myself. Mr. Voss indicates a difference of approxi- 
mately $4 a ton between the peroxide and the hypochlorite 
bleaching. Is that correct? 

Mr. Voss: Yes. 

Mr. Nissen: That is to an equivalent brightness, is it not? 

Wr. Voss: No. The brightness to be expected using the 
chemicals as outlined in the chlorine hypochlorite procedure, 
I think, would barely reach 80. 

Mr. Nissen: Do you consider a new plant from your 
capitalization costs? And if I interpret that correctly— 
this being sulphite, of course—but if we go back to kraft, 
say, with the existing equipment, with the modifications 
necessary to use hydrogen peroxide, then it actually amounts 
to an increase in bleaching cost of about $2.44 a ton for an 
extra point or a point and a half brightness, if I have those 
figures correctly. Is that correct? 

Mr. Voss: Is this kraft pulp bleaching that you are re- 
ferring to? 

Mr. Nissen: Yes, I am trying to get back into kraft. 

Mr. J. M. McEwen: We had two different quotes here. 
One was $2.44, I think, and we found in our two operations it 
amounted to about $2 a ton. We can vary that, as I noted 
here on the board. We use 13 to 7 lb. per ton. Sometimes 
it bleaches hard, and we have to use more peroxide. When 
it is bleaching easy, we’ll cut down, maybe, to 7 lb. a ton. 
Now, we are still in the process of development on this per- 
oxide, and I have no doubt that as time goes on we'll be able 
to cut our costs. I might add one item on this cost proposi- 
tion. That’s one of the advantages of this acid pretreatment 
before peroxide. We have some indications that we can cut 
our peroxide usage by the use of a cheap acid pretreatment. 

Moperator Hatcu: Well, if there are no further ques- 
tions on the subject of these papers, I have a series of ques- 
tions here and I hope that the various members of the panel, 
or perhaps people from the floor, will be able to answer some 
of these, which are quite important as far as peroxide bleach- 
ing is concerned. 

The first question is: Does the use of peroxide in the kraft 
bleaching process increase the potential capacity of a given 
bleach plant? 

Mr. ScHRoEDER: Bob Noreus stated they were actually 
able to eliminate a stage from their kraft bleaching process, 
and I think they were able to increase their output from 115 
to 125 tons per day, and I think they sometimes run even 
higher than that. 

In another mill claims have been made that they were able 
to increase their production by about 10%, and they also 
reduced their hypochlorite down to a very low percentage. 
They are saving on hypochlorite, so they have a stronger 
pulp with a better brightness. 

A great many increases in production capacity would 
depend on the setup of the mill, of course, and every mill is a 
special problem. 

Moprerator Hatcu: The next questionis: “Can peroxides 
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be used for bleaching all types of kraft pulp, such as hard- 
woods and softwoods from any area? What are differences } 
relative to aging, brightness response, brightness level, and |, 
so forth?” 

Mr. FENNELL: The answer to the first question is that 
hardwoods have been bleached in the northern section of the | 
country with good response and good results that are com- 
parable to anything that we have done on other woods. The 
chemicals cost on hardwoods has probably been about 20% | 
less than on softwoods. 

Some bleaching has been done on hardwoods from the 
central part of the Kast, and the response is everything that 
we anticipated. I do not know of any hardwood bleaching 
in the western area. { 

To sum it up, we can say, that any of these kraft pulps } 
respond in about the same fashion to peroxide bleaching. 

Moperator Harcu: “What could be said about the use || 
of hydrogen peroxide as a chemical superbleach on the pulp || 
driers?” 

Mr. SHeupon: A great deal. In general, everything that 
has been said about the bleaching of kraft with peroxide in |) 
the bleach plant per se applies to bleaching on the pulp drier 
with peroxide. Pulps from all parts of the country have been | 
treated that way. There seems to be some difference in || 
pulps. All pulps do not behave the same, and each in- }_ 
dividual mill and each individual pulp is a separate project. 

However, excellent responses have been achieved on the |) 
pulp drier, and perhaps if we could have specific questions | 
as to this operation, it would be helpful, but I will outline it a | 
little bit first. it 

Peroxide is applied to the pulp right after the last wet 
press on almost any kind of a pulp-drying system, as hot air or | 
cylinder driers, and bleached pulp is delivered at the layboy. | 
The pulp has the major part of its brightness gain at the § 
layboy, and has excellent brightness stability in the bale. 

Moprrator Hatcu: Here’s a question that has already \ 
been answered by John McEwen, but perhaps he might |) 
elaborate on it a little bit. “How does the brightness stability i 
of bleached pulps compare, when peroxide is used in the }— 
second last stage and in the final stage? What are the merits | 
of each use?” 

Mr. J. M. McEwen: Well, of course, one of the big ad- 
vantages of the use of peroxide in the next-to-final stage is | 
that you have your equipment all set up to take a caustic} 
solution, and you are adding an alkaline solution when you |) 
use sodium peroxide, so you do not have any engineering } 
construction problems. As I indicated in my paper—we_ 
have some strong indications that you get a more stable pulp } 
if you acid wash before a final peroxide treatment; in other | 
words, as a final bleach with acid washing you get not only 
advantages as far as the brightness itself is concerned, but| 
perhaps a point or so less brightness recession. 1 

Moperator Hatcu: The next question is, ‘‘What are the jf) 
brightness stability characteristics of peroxide-bleached | 
kraft pulp? Do they differ with different points of peroxide | 
application?” I 

Mr. J. M. McEwen: There is a lot of mystery in this|f 
peroxide bleaching still. We still have the mystery of the 
two different plants, where acid washing gives it a definite 
help in the five-stage operation at one plant, yet the identical 
five-stage operation at the other plant, acid washing does not 
help. 

I don’t know for sure why this is. There is some difference} 
in the processing. We have in one plant a continuous caustic 
stage, which is a low-density neutralization. In the other 
case, we have a full caustic extraction, a high temperature, ) 
high density caustic extraction, and it is possible that it is 
that caustic extraction. It is possible that that reacts the’ 
same as an acid wash. I don’t know. | 

Mr. Fennexu: To review a little of the background on th e 
effect of this acid pretreatment: several years ago when we 
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first got into that we tried to explain it by the fact that 
manganese, copper, and iron are known catalysts for de- 
composing peroxide solutions. We analyzed several samples 
of lime from all over the country. 

We know that lime varies from territory to territory, 
and from carload to carload, but we could not hang a story 
on that angle with our analyses. 

There is evidence that the settling of the lime has something 
to do with it. That again would be tied into the fact that 
the metal hydroxides in a well-settled solution would be left 
pont and some of the catalysts would not get into the 
pulp. 

~ On the other hand, as I said, and as Mr. McEwen says, 
there is a lot of mystery to this thing. There are certain 
generalizations that we can make, and one is this, that the 
“more lime that is used in the bleaching process, the more 
likely it is there will be problems associated with peroxide 
_decomposition. 

Secondly, it is generally observed that unsettled lime 
bleach has a greater adverse effect than settled lime bleach. 

I think those are the two main things that we have found 
out so far. When soda bleach is used in commercial opera- 
tion, in our own experience we have not found the need for 
using the acidification process; so to sum the thing up a little 
bit more, we can’t say that lime is the specific problem, but 
we do know this, that we have a cure for it when we encounter 

it. 

Therefore, wherever we attempt to install a peroxide process, 
we always evaluate the effect of acidification on a peroxide 

application. There is no mill running today where we have 
not made sure that we have the best process. 

Mr. J. M. McEwen: I might back up that problem of 
lime settling a little bit, because, in fact, the mill that has 
no advantage on the acid wash does have a better lime hypo- 
chlorite settling system than does the mill that does have an 
_ advantage from using the acid wash. 

_ Moperator Hatcu: Here’s a question that I would like 
‘to bring up, and I would like to hear some opinions from 
| the audience, as well as from our panel. It is: ‘What is 
»meant by brightness stability, and how is this important 
/ pulp property best determined?” 

__ We have already had some answers on that because some 
‘of our panel who have given papers have given an idea of 
‘how they determine that brightness stability, or recession, 
‘and perhaps some of the audience can add something to what 
has already been said. 

Mr. R. L. McEwen: I might just point out here that the 
‘Pulp Purification Committee of TAPPI is quite anxiously 
yhoping to study this particular problem. We all realize 
that mills and laboratories of different types have so-called 
istandard tests, for measuring brightness reversion—1 hr, 
fat 105°C. and 2 hr. at 100°C. and 16 hr. at 100°C. in open 
‘containers, in closed containers, and relative humidity of thus 
sand so, etc. There are many “‘standards.” 
| It’s quite a problem, and the committee, as well as the 
ipanel and everybody here, would be interested in any com- 
yments which would be of help to the Pulp Purification Com- 
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) Moperator Hatcu: I would like to ask a question right 
now. How many in the audience, aside from the people 
tchat have already presented papers and commented on this 
aching, are actually using peroxide bleaching in one or more 
gstages? 

| (Four people raised their hands.) 

| All right, now, here’s the next question. This has been 
youched upon in the papers to some extent. ‘What has 
een the experience of the mills in regard to physical strength 
Wproperties of bleached pulp with and without the use of 
eberoxide?” By “physical strength properties’ I mean 


mining degradation or destruction of physical qualities of the 
pulp. 

I would like to hear from either members of the panel or 
members of the audience as to what they think about the 
use of peroxide as compared with conventional bleaching 
methods—and by that I mean chlorination, caustic extrac- 
tion, and hypochlorite bleaching. 

Mr. J. M. McEwen: Well, I might mention that in our 
case in order to obtain the brightnesses that we were shooting 
for of about 86 TAPPI brightness, we have to hit our pulp 
very hard with hypochlorite. By using peroxide, as the 
milder bleaching agent, we were able to cut back enough in 
our hypochlorite to partially pay for our peroxide, and give 
us much greater strength, and by that I mean all these proper- 
ties that you are talking about. 

Moperator Hatcu: Well, can anyone say anything about 
certain of the chemical properties of the pulps as bleached with 
chlorine and hypochlorite, as compared with peroxide? 
Let’s say the viscosity, too. 

Mr. J. M. McEwen: We do have some specific information 
on viscosity control. We use viscosity as a control to help 
predict our strength. Our viscosity before we started per- 
oxide bleaching was about 25 ep., and our control is now 40 
cp. We have increased the viscosity that much in using the 
peroxide bleach. 

Mr. Rapson: I think the question is perhaps not formu- 
lated quite right, Ray. As far as I am aware, if you heat pulp 
with peroxide at the right pH, there isn’t any drop in vis- 
cosity, so the only change that can occur is that by using 
peroxide you use less hypochlorite, which is the thing that 
does the damage; is that correct? 

Mr. J. M. McEwen: That’s right. 

Mr. Rapson: I would like to ask the question: “Is there 
any strength loss at all in peroxide treatment at the correct 
pH?” 

Mr. Fenneutu: I think at the present time there are 
approximately 10 or 12 mills bleaching chemical pulps with 
peroxide. Eight of the 12—approximately eight of those 
12—are using it in the caustic extraction stage. Two or 
three, perhaps, are using it as a final-stage bleach. 

We in our work arbitrarily standardized our efforts on the 
use of this oven-dried test, where we subject the TAPPI 
handsheets to a temperature of 105° in an oven for | hr. 

Now, a lot of erratic data have crept into this thing, 
because not all ovens are equipped with air circulation. If 
you do not have an air circulated oven, you might as well not 
carry out the test. 

A good peroxide bleaching treatment will reduce the 
reversion characteristics of pulp by more than 50%, and by 
that I mean this: any hypochlorite bleach that we have 
encountered will revert 5 to 7 points, on the average, in the 
oven. Some are worse than that, depending on the stages 
that have been used, and the amount of degradation, but 
peroxide will reduce this 5 to 7 point loss down to 3 points, 
or a little less than that. 

If the peroxide treatment is a stxth-stage bleach, we expect 
a reversion of 2!/, to 3 points, at the most. 

When peroxide is used in a fourth stage, the oven stability 
will be about the same as when it is in a sixth-stage final 
treatment. 

We have been able to reduce that last hypochlorite rever- 
sion down to about 4 points, and that is better than anything 
we have done in previous years. In other words, in a new, 
modern plant, operating under precise conditions, we have 
seen 86 pulp produced with only a 4-point drop, despite the 
fact that hypochlorite is used in the fifth stage. 

This oven test correlates relatively with the papermaking 
qualities of that pulp. In other words, where a pulp is 
around 80 brightness, and, we’ll say, reverted to 8 points in 
making paper, peroxide bleaching substituted for the last 
hypochlorite stage has reduced that drop somewhere around 


50%. 
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We admit this is an arbitrary test, but having carried it 
out in about a total of a dozen mills we know now about 
what to expect as far as brightness stability goes. The same 
thing carries through whether you make the pulp and ship it, 
or whether you make it into paper. There have been ad- 
vantages demonstrated both ways. 

As I mentioned before, there are six mills that are operating 
every day with peroxide, and there are four to six others that 
operate intermittently. By that I mean they may use it 
only 3 days a month, or they may use it 1 or 2 weeks per 
month, but the results in every case have shown that as we 
put peroxide into the process and reduce the amount of 
hypochlorite used, the strength characteristics of the pulp 
have always gone upward. I can’t recall a case where per- 
oxide is used where we hurt the strength. We have always 
been able to improve it, and we improve it by the degree to 
which we have been able to take the hypochlorite out. 

Mr. J. M. McEwen: We have skirted this business of 
color reversion several times, and your statement on the 
circulating oven to dry it brings to mind just how much 
correlation we have between this laboratory test and the 
acttial reversion in the bale. 

We aré trying to obtain some data on that now, but we 
are not very far along. It has been our observation, for 
example, that if you take a sheet right off the machine and 
bale it while it is hot, you are going to get a significant amount 
of color reversion; but if you air cool it, wave it around in the 
air right away you don’t get the color reversion. Iam talking 
about the surface of the sheet in particular, because we find 
that often if you make a TAPPI handsheet out of that pulp 
you don’t get nearly the amount of color reversion that you 
get on the surface of the sheet. It’s a very small amount. 

It is just the surface of that sheet which is being discolored, 
and particularly where you have it in the bale, where it is 
packed in tight with no aeration. 

I just wonder about your technique of predicting reversion 
by the use of air circulation. 

Mr. Fennett: Maybe IJ left the wrong impression on that. 
Tam not attempting to say that there is any direct correlation 
between our oven test and what happens to the pulp at any 
given mill. We have found that this test is very good for one 
good reason. When we go into a mill to do a job, it enables 
us to get an answer within the hour, and we are on the way 
to the next job. We have found that this test is just as good 
as others for our purpose. 

I know some people who put the pulp in an oven for 16 hr. 
at 120°, and they calculate an answer from that data. Per- 
haps their test is far better than ours, but I know that every 
time we have run this simple test we have been able to show 
an advantage, compared to hypochlorite, and those advan- 
tages will obtain whether your make paper or sell pulp. 

The data this test has produced have shown far better 
brightness stability both in the bale and when it is received 
at a given plant. Therefore, while this test is arbitrary, it 
still is one of the best indicators that we can do to help sell 
peroxide. 

Mr. Ler: I have a few questions to ask about color rever- 
sion. I think that to a large extent color reversion is some- 
what dependent on washer efficiency. Has anyone here ever 
shown the relationship between washer efficiency, and has 
anyone here ever shown the relationship between Prelinger 
number and color reversion? I think that that might be an 
aid. I have never done it myself. 

Mr. J. M. McKwnn: Maybe there are a few characters in 
the crowd that don’t know what this number is that you are 
talking about. Maybe you can explain yourself. 

Mr. Ler: It’s the organic number, the measure of the 
organic number. 

Mr. ScHROEDER: Yesterday Mr. Giertz of Sweden was 
discussing that subject. Swedish Pulp Research men have 
done a lot of work on reversion in the past 10 years, and they 
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found that when carbonyl groups were left in the pulp they 
were subject to reversion, but if they were oxidized to car- 
boxyl, the color reversion was much less. 

Now, is that the basis of your number, or does it have any 
relation to that? 

Mr. Lun: It isn’t the number to which I referred. 

I have one other caution that I think you all ought to look | 
out for when you are doing these color reversion tests. It | 
all depends on whether you are running the brightness 
on the standard TAPPI sheet or on the pulp itself. 

Take running brightness tests on the pulp itself. We 
have found that there are materials in that pulp that do 
affect the brightness considerably, but they are water soluble 
and can be washed out, and are washed out when you are 
making your standard brightness sheet, so that is something || 
to watch in this work. 

Mr. Scuroeper: There is another factor that I have 
observed in several mills, on the hot baling of pulp off the 
machine. I think several mills have discovered that if they | 
are able to cool the pulp, their brightness reversion is con- || 
siderably less. 

Mr. Lee: We tried that in experiment, and we did find a 
slight difference, yes. 

Mr. Scuroeper: And I think another factor is the use 
of the Minton vacuum drier, where you dry at a lower tem- 
perature. Vacuum drying decreases brightness reversion, | 
as compared to drying in an open-drier section of the con- 
ventional kind. 

Mr. J. M. McEwen: I don’t know that anybody will 
back you up on this business of helping your color reversion 
by a good wash, but we’ll certainly back you up 100% on | 
that. 

Moperator Harcu: I would like to bring up a little 
matter concerning optical properties. With the GE bright- 
ness tester, if the sheet is rough you can’t get the same bright- 
ness reading as you can on a smooth sheet, for the simple 
reason that the optical system on the GE brightness tester 
doesn’t give you the true spectral reflectivity that you can 
get with the GE spectrophotometer, for example. 

That is something that we have found out in the past. 
I don’t know whether it has been your experience or not. 

Mr. J. M. McEwen: The fact is that at.times we can 
raise the apparent brightness of the sheet from a point to a 
point and a half just by smoothing up the sheet. 

Moperator Hatcu: Now, there are always trends in the | 
pulp and paper industry. Somebody starts something, and 
his neighbors find out about it, and they follow suit. The } 
next question has reference, of course, to peroxide bleaching, 
but I think it is equally important in general, conventional | 
bleaching, and that is, ‘“What are the advantages of changing 
from calcium hypochlorite to sodium hypochlorite’”’—of 
course, bearing in mind that your sodium hypochlorite is § 
more expensive. I would like to bring that question up. 

Mr. Lee: Doesn’t that depend on what kind of pulp you | 
are making? 

Mr. SHELDON: Generally, our experience has been that 
soda base hypo will give a better response, discounting the ¥ 
cost. 

Moperator Hatcu: Well, I know that the tendency 
nowadays among mill designers and designing engineers who 
are called in to put in a new bleach plant—their tendency is 
very definitely leading toward the use of sodium hypochlorite, 
and discarding calcium hypochlorite entirely. Of course, | 
I think that is more true in kraft pulp than it is in sulphite 
pulp, because there is always the tendency of forming very |) 
hard-to-bleach compounds of coloring matter with the caleium 
when it is present, and the sodium hypochlorite seems to} 
keep those colored products in solution, so that they are more} 
efficiently bleached. 

Mr. J. M. McEwen: I wonder if anybody here has had} 
any experience in kraft pulp, switching over from calcium tol 
sodium. 
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Mr. Ler: I think another reason, Ray, is that the sodium 
lends itself to automatic manufacturing, more so than the 
calcium. 

Moperator Harcu: Well, that’s true, and then you 
don’t have the sludges to take care of, and there are always 
certain losses, of course, in separating the sludge with cal- 
cium hypochlorite. If you keep your alkalinity high enough 
when your liquor is made, there is no settling problem. 

Most of the time we have been talking about kraft pulp, 
but I have a couple of questions here in connection with 
sulphite pulp. The first question is: ‘(Can the same process 
be used on sulphite where the peroxide stage is at 12 to 15% 

density? If so, what are brightness results and comparative 
chemical costs, between the moderate and_ high-density 
systems?” 

Mr. Sxeutpon: The two-stage hypochlorite-peroxide 
system can be used with a peroxide stage of moderate density. 
High density saves about 20% of the chemical. Depending 
on brightness level, high versus moderate density, the cost to 

get to 80 brightness would be $6 as against about $7.20; or 
at 85, about $8.50 as against $10.50. 

Moperator Hatcu: Most everyone knows that the per- 
oxides have been very successful bleaching agents for ground- 
wood. In fact, you can get more brightness gain with use of 

_ the peroxides than by any other method on groundwood. 

_ Now, the question is posed: ‘What about the use of 

_ peroxide with semichemical?” There is more and more 

- semichemical being produced in this country every day, and 

“What are the advantages of the peroxides for semichemical 

_ bleaching?”’ 

Mr. Frenne: There aren’t any commercial applications 
of peroxide in semichemicals in which we are involved. 

' We have done some pilot work and our decision was some- 
thing like this—that if you use chlorine, caustic, and hypo, 

-and you want to make an improvement on that pulp, it 
seemed to us that the best way was to install a fourth stage 
and use a very small amount of peroxide. We were able to 

‘improve the color about 6 points, as far as brightness is 

concerned, but we weren’t able to sell that process. As far 

| as single-stage, we were never too successful, but we have been 

) hoping that with the advent of Centri-Cleaners, some progress 

might be made. 

We weren’t able to do a very good job, because there was 

dirt that interfered. If we raised the brightness, the dirt 

/was more prominent than at the 60 level, so we did not sell 

» an application on that process. I know there is a tremendous 

interest in bleaching semichemical pulp, but where we are 

‘ going to fit in the picture, I don’t know. We are keeping 
our eye on it, at any rate. 

* Mr. SHetpon: Our work on semichemical has been pilot 

| and laboratory, with studies similar to the two-stage hypo- 

‘ chlorite-peroxide described by Mr. Voss. I would like to 

confirm Roy Fennell’s observation, that we hope that we can 


. get cleaner pulp to work with. 
On pilot runs, 56 brightness semichemical pulp was bleached 
‘in two stages, hypochlorite and peroxide, to 81, with a yield 
) saving over a straight hypochlorite system of 4 to 5%. 
In this particular two-stage both steps were carried out at 
}moderate density. Nine per cent available chlorine was 
used in the first step—considerably higher than on the 
‘sulphite—and 0.8% of peroxide; 50% H,O2 was used. 
| Strengths were equivalent to two-stage hypochlorite bleaches, 
-and the saving was about $3.25 per air-dried ton. 
Moperator Hartcu: Well, this about covers all the ques- 
4tions that have been handed in, and I would like to have 
i some questions or discussion from the floor. We have 
‘covered quite a bit of territory as far as peroxide bleaching 
is concerned this afternoon, and there should be some ques- 
tions that have arisen in your minds concerning some par- 
ticular phase of the peroxide bleaching process. 

Roscop C. Masterman (International Paper Co.): We 
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know that something was mentioned about the bleaching of 
groundwood with peroxide, and something was said about 
bleaching sulphite. I know that quite a few years back there 
was a little talk about bleaching groundwood-sulphite mix- 
tures. What’s the present trend on that? 

Mr. SHELDON: We have always been of the opinion that 
it is better to bleach the two pulps separately, if possible. 
Bleaching a mixture can be done, and is being done, however. 

Mr. FeENNELL: Bleaching a pulp separately does give a 
real opportunity to refine each individual stock to the extent 
that they prefer. On the other hand, I believe that there are 
advantages to mixing the pulp if the bulk of your product is 
going to require just one furnish. 

People who have a diversified line of paper products will 
undoubtedly perfer to bleach pulps separately. However, 
I believe there have been some applications in the past where 
a single black plant was advantageous at the time, and I 
wouldn’t be surprised if probably there will be more in the 
future. It certainly involves a detailed analysis of what 
products you are going to make, and also a calculation of 
what is involved in capital expenditure in case you plan to 
put in two bleach plants. 

Moprrator Hatcu: Well, we had a very interesting dis- 
cussion this morning on the use of chlorine dioxide as a 
bleaching agent, and we have had a very interesting dis- 
cussion on the use of the peroxides as bleaching agents. I 
wonder if there is anyone in the audience who would like to, 
as a result of the two meetings, make any comments on the 
relative merits of both. (No one responded.) 

Mr. Ler: Why don’t you include calcium hypochlorite 
while you are at it? Iam not convinced. 

Moperator Hartcu: Well, of course, we have certain 
things like oxidation potential that we can fal] back on when 
we want to argue for one system or the other, but as a matter 
of fact it appears to me, as a result of attending these two 
meetings—I have been out of the bleaching game for quite a 
little while, but of course, I have read a lot of literature— 
and it seems to me that chlorine dioxide bleaching sort of got 
the jump on peroxide bleaching for the simple reason that 
those products were not so readily available until com- 
paratively recently, and now that sodium and hydrogen 
peroxide are readily available, I look to see the peroxides 
advance in a considerable degree and become more truly 
competitive with chlorine dioxide bleaching. 

I would like to say this, that while chlorine dioxide bleach- 
ing and the preparation of chlorine dioxide has been pretty 
well established, there is still quite a hazard with the use of 
chlorine dioxide which you don’t have in the use of the per- 
oxides. I don’t know how much bearing that may have on 
individual mill decisions, but it seems to me that if we can 
obtain exactly the same results with sodium peroxide or 
hydrogen peroxide, as compared with chlorine dioxide, the 
initial investment, the corrosion problem, and a number of 
other things, would possibly give a slight edge to the use of 
the peroxides. 

Perhaps some of these gentlemen who represent suppliers 
here—and there don’t seem to be any of the chlorine dioxide 
people here right now, but maybe it would be a little bit 
illuminating if they would tell us something about the relative 
investment costs and setting up for the use of peroxide, as 
against setting up for chlorine dioxide. 

Mr. Nissen: Perhaps it would be better if we had a little 
statement from du Pont or BECCO on the use of peroxide 
in the 90 brightness range. (Laughter.) 

Mr. Suetpon: Rather than thinking in this particular 
instance of hydrogen peroxide as a replacement for chlorine 
dioxide, we are thinking of it as a supplement. 

With chlorine dioxide bleached pulp coming off the drier, 
as I recall, about 88, we have used 0.2% H,O, 50% on the drier 
and have obtained 90 to 91 brightness. 

Mr. ScHroepER: Possibly I am a little prejudiced, but it 
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seems to me that the mills consider the use of chlorine dioxide | 
and peroxide in two different ways. With peroxide they} 
want it to fit into their existing mill bleachery, as John says, | 
so that it will cost them only $4000 or $5000 to convert. |) 
If they happen to have only low density stages for possible | 
use, they are not interested. . 

On the other hand, if they are interested in using chlorine |_ 
dioxide, they feel no compunction about investing $300,000 
or $400,000 in a chlorine dioxide plant, with the stages 80 
designed that they get the optimum advantage out of chlorine | 
dioxide. No one seems to care to install a peroxide stage 
where the peroxide could operate at its best conditions also, | 

Mr. Nissen: I think that’s a very excellent point. The}/ 
cost of a chlorine dioxide plant without considering engineer- | 
ing contingencies will run about $110,000. I am not speaking i 
of any particular process right now. | 

On the bleach plant equipment itself, you have to deter- | 
mine the difference between your bleach cell and tower cost } 
using acid-resistant material, and material which would H 
be satisfactory for peroxide bleaching. 

Moperator Harcu: Well, as far as the equipment in the \{ 
bleach plant itself is concerned, I think that a tower can be so } 
designed that you can use either product without any serious 
corrosion difficulties. I think it is entirely possible to use 
either peroxide or chlorine dioxide as the final stage; so then 
it boils down to the investment in the two processes for pre- |, 
paring your oxidizing agent, and I think that you have been § 
very honest in giving a statement on the cost of a chlorine | 
dioxide generating plant. That is something that has to be \_ 
taken into consideration by a mill that’s making an invest- |) 
ment. 

Mr. SHetpon: By way of contrast, the investment cost for 
installing a drier bleaching with peroxide—a complete system, | 
including tank storage for H,O,, runs about $5000 to $7000. | 

Mr. R. L. McEwen: Ray, I would like to ask the panel }y 
and the audience whether anyone would care to comment | 
with regard to the values to be obtained in mill operation at) 
the, let’s say, 90 plus brightness level. In other words, } 
can a using mill making paper from very high brightness pulp | 
obtain an advantage with brightnesses in the 90 to 92 level, }} 
as compared with, let’s say, 85 to 88? 

Moperator Hatcu: Well, Mr. McEwen has brought up } 
an old question. How advantageous is it to make pulp at 
90 brightness or 91 brightness, as compared with 86, 85, or 87 | 
brightness? 

Now, for many years I was connected with the pulp in- | 
dustry, and the reason why the pulp industry is always 
striving for higher brightness is because of competition. If || 
they establish a brightness, say, of 87 or 88, then a competitor | 
comes along and says, “Look at that pulp! Why, that’s} 
only 87 or 88 brightness. We can produce 90 brightness.” 7 

And so the mill has to strive for 90 brightness. It is| 
purely a matter of competition. I don’t think that for most |f 
purposes it is necessary to have these extremely high bright-| 
nesses, There may be certain definite reasons for it, perhaps | 
in certain dissolving pulps or products of that nature, where \ 
brightness accompanies purification those high brightnesses 
are desirable, but for ordinary papermaking purposes I 
doubt that they are, and I think it is largely a matter of a 
battle between different pulp salesmen. 

No one seems to want to comment on that. Well, if there | 
are no further questions and no further discussion, I have 
about exhausted the number of questions that I could put 
to the members of the panel or to the audience, so I assume 
that you all have important dates and would like to get out of 
here, so, that being the case, I want to thank all the members| 
of the panel for their excellent cooperation and the nice: 
presentations which were made, and I hope that we will have’ 
occasion to discuss these major improvements in the bleaching 
process again at a later date, when more people have more 
experience. If there is nothing further, we will consider the} 
meeting adjourned. 
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Progress in the Chemistry of Lignin—1943—-1954 


ELWIN E. HARRIS 


In THE 10-year period immediately before 1943 there and that aromatic compounds such as coniferyl alcohol and 
were four discoveries that increased significantly our know]l- related compounds do. Only aromatic CeC3 type compounds 
edge of the chemistry of lignin; these were, the isolation of a give propyl cyclohexanol derivatives on hydrogenolysis and 
small amount of alcohol-soluble lignin directly from wood phenyl propane compounds on_ ethanolysis. Botanical 
(1), the discovery of small amounts of several monomeric methods, including optical observations, stains, and _fluo- 
compounds related to lignin in the ethanolysis products of rescence, showed that isolated lignin and wood sections 
wood (2), the discovery that some isolated lignins and spruce showed the presence of similar type aromatic compounds. 
wood gave high yields of vanillin when heated at 160° with Ultraviolet and infrared absorptions showed the presence of 
nitrobenzene and alkali (3), and the discovery that hydrogen- aromatic compounds in both isolated lignin and in wood 
olysis of a methanol-HC1 lignin gave high yields of compounds sections. Color reactions to phenols and aromatic amines of 
related to 2-methoxy-4-propyl phenol (4). A handicap at isolated lignin and wood sections were the same. These 
that time was the lack of information on compounds that may authors conclude that these are proof of an aromatic lignin 
be considered as lignin model compounds. in wood. 

Prior to this period there had been considerable difference In opposition, Schutz and Sarten (19) found that wood 
of opinion among investigators as to aromatic nature of gave no coloration with diazo compounds and that the product 
lignin. As a result of these discoveries and ultraviolet data isolated from spruce wood by the action of a diazobenzene 
on lignin and wood products, a polymeric aromatic structure 4-sulphonic acid gave no aromatic compounds related to 
for lignin composed of 2-methoxy-4-propyl phenol type lignin. They conclude lignin is a decomposition product. 

building blocks was accepted by most investigators. These Piettre (20) extracted a product from wood that appeared to 
advances plus the need for a means of utilizing lignin have be related to humic acid. This was thought to represent the 
stimulated many investigators to do further lignin research. first stage of lignin formation. In support Lange (21) 
These researches have been aided by several reviews of the found evidence for one aromatic ring for each 10 carbons in 
chemistry of lignin (6-8). _ In all these reviews the suggestion lignin on the basis of ultraviolet absorption studies of wood 
of Klason (9) that lignin is related to, if not made up of, and lignin. Some structural changes as shown by ultraviolet 
‘polymers of coniferyl alcohol is acknowledged, although were found to have occurred in the isolation of lignin by the 
‘Klason himself had no experimental work to back up his hydrochloric acid method, but no change was found in the 
‘belief. Coniferin, a glucoside of coniferyl alcohol, is present amount of aromatic groups. Sections of wheat straw and 
‘in the cambial sap of spruce and was considered as the source several woods were treated with various chemicals and then 
of lignin. with 1% NaOH (22). Photomicrographs of the sections 
¢ showed dark areas where some delignification had occurred. 

DISTRIBUTION AND NATURE OF LIGNIN Fractional extraction of wood with delignifying agents (23) 

Several investigators have sought to gain further knowl- was followed microscopically. A structural change occurred 
Jedge of the nature and distribution of lignin by studying during lignin removal. Ploetz (24) found that pretreatment 
‘plants other than wood. Suarez and co-workers (10, 11) of wood with dilute acid permits removal of cellulose by dis- 
studied the lignin in ferns and found its reaction similar to solving in cupraammonium solution or xanthation solution. 


‘wood lignin. It could be freed from cellulose after hydrolysis 


‘by cupraammonium solution, dissolved by ethanol-hydro- A LIGNIN-CARBOHYDRATE BOND 


‘chloric acid mixtures, and the lignin reacted with sulphite Many of the chemical reactions of wood indicate the 
{solution at 125 to 135°. Vener (12) isolated lignin from a presence of some type of bond between lignin and carbohy- 
woodlike tropical fern. This lignin contained only 1% drates in wood. On the other hand, some observations with 
‘methoxyl. A lignin molecule having 49 carbons was found to the ultramicroscope on the microstructure of wood cast 
have 2 carboxyl and 5 phenolic hydroxyl groups. This doubt on the possibility of a bond between lignin and carbo- 
‘would indicate that a compound other than coniferyl alcohol hydrates in wood. 
jwas the precursor of this lignin. Lignin from grape epicarp Further chemical experiments support evidence for a 
and extracted grape seed (13) was low in methoxy] and con- chemical bond. Supersonic vibrations (24) on lignocellulose 
tained pentosan. The yield of cupraammonium lignin was at 300 ke. per sec. for 1 min. permit 55% of wood to dissolve 
135 to 37.9%. in Schweitzer’s reagent. The ultracentrifuge showed that 
Lignin was isolated from cork by De Baun and Nord (14). 50% of that going into solution was alpha-cellulose. Col-. 
‘This lignin had a low methoxyl content. They found their loidal grinding in the presence of hydrazine dissolved hgnin 
‘lignin to be contaminated with extractives that would not soluble otherwise (26). Swelling and staining experi- 
saccount in part for the low methoxyl values. Lignin in red- ments (27), optical observations in sodium light and between 


wood bark is low in methoxyl and appears to be combined cross nicols, and x-ray data on jute fibers show that removing 


jwith the carbohydrate (16). the last traces of lignin causes a great increase in the swelling 
4 Some investigators (16) contend that lignin is a product of of the fiber. 

‘the isolation method and that lignin does not pre-exist in Wacek and Schroth (28) found alkaline nitrobenzene oxi- 
jwood. Kratzl and co-workers (17, 18) reviewed the evidence dation of the part of wood that dissolved with the hemicel- 
{for such a view and carried out experimental work to es- lulose when wood was extracted with 5% alkali gave vanillin, 
tablish proof for the presence of aromatic compounds in wood. syringaldehyde, and the corresponding acid. The part of 
They point out that carbohydrates do not give vanillin and wood that remained in solution when lignin was isolated by 
/ther aldehydes when oxidized by nitrobenzene and alkali the Halse method also gave vanillin, syringaldehyde, and the 


corresponding acids. They conclude that a lignin-carbo- 


Erwin E.}Harris, Chemist, Forest Products Laboratory, Forest Service, hydrate compound was dissolved and not recovered. 


4U. S. Department of Agriculture. 
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If the failure to extract lignin from wood by organic sol- 
vents were due to a masking action of the cellulose, grinding 
of wood should increase the amount of lignin that could be 
extracted. F. E. Brauns and Seiler (29) treated sprucewood 
in a beater with water to produce colloidal wood but there was 
no increase in the solubility of lignin. They concluded the 
failure to extract lignin from wood was not due to mechanical 
reasons. 

Grohn (30) contends that the procedure required for isolat- 
ing lignin as well as the biosynthesis of lignin indicates a 
lignin-carbohydrate bond. Kawamura (31-387) and co- 
workers have isolated a lignin-xylose derivative by means of 
chromatography and have established that the xylose is 
bound to the lignin. This indicates that lignin is bonded to 
the hemicellulose of wood. Harris (38) found that treat- 
ments that hydrolyze ester or acetal linkages were necessary 
to bring about separation of lignin from carbohydrates. 
Soluble products produced by chlorination of wood in carbon 
tetrachloride and purified by water extraction (39, 40) 
yielded xylose, arabinose, and galactose on hydrolysis. 
Stewart (41, 42) removed a lignin-carbohydrate complex 
from wood by heating wood in methanol at 150°. 

The sqlid phase produced by sulphonation of wood at pH 
4 to 6 could not be resolved to lignin and cellulose (43). 
These researches lead to the conclusion that lignin is com- 
bined with the hemicellulose and possibly some of the cellulose. 
Some type of hydrolytic reaction is required to free the lignin. 


LIGNIN ANALYSIS 


Most analytical methods for lignin are based on the amount 
of residue remaining after hydrolysis. For accurate results 
all nonlignin extractives must be removed but none of the 
lignin. In the hydrolysis all carbohydrates must be con- 
verted to soluble products but no insoluble carbohydrate 
decomposition products formed. All lignin must be in- 
soluble and the hydrolytic reaction should not cleave off 
parts of the lignin nor cause polymerization and loss of 
water, carbon dioxide, or other parts of the molecule. In no 
case are all these conditions met. 

Several new procedures have been examined in an attempt 
to develop a more satisfactory analytical method. Chlorin- 
ation, oxidation, or pulping reactions make some of the 
lignin soluble in the usual procedure. In order to overcome 
this, Giertz (44) determined the amount of lignin in pulp by 
dissolving the pulp in 76% H,SO, and measuring the light 
extinction in a colorimeter. This procedure appears not to 
be satisfactory for wood (45). Plant material containing 
nitrogeneous materials must be given special treatment. 

A method for making the lignin determination on fresh or 
wet plant tissue without preliminary drying was worked on by 
MacDougal and De Long (46). Jensen (47) used a prelim- 
inary treatment with 38% HCl to which was added concen- 
trated sulphuric acid to cause hydrolysis. This mixture was 
then diluted and boiled. The effect of sulphuric acid con- 
centrations of 64 to 80% on the yield of lignin from cereal 
straws was studied by Adams and Castagne (48). As was 
the case with maple wood (49), the minimum yield of lignin 
from straw with the maximum methoxyl was obtained with 
72% H.SOx. 

A titration method for lignin was developed by Seuzyu 
(50) in which lignin was chlorinated to make it soluble in 
sulphite solution. The lignin was then precipitated by an 
amine and the excess amine determined by titration. Eth- 
ylene-oxide lignin (61) plus the alkali-soluble lignin gave satis- 
factory lignin values. Kurschner and others (62) studied the 
possibility of determining the methanol produced by the 
action of 82% H.SO, at 200°C. as a means of lignin analy- 
sis. A modified Tingle method was used for analysis of pulps 
(68) in which the pulp was dissolved in a mixture of con- 
centrated hydrochloric acid and sulphuric acid diluted and 
then treated with sodium hypochlorite. The excess of hypo- 
chlorite was determined after 10 min. by adding potassium 
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iodide and back-titrating with hypo. Keller and Borlew 
(54) studied the relation between chlorine number and lignin 
content of high-yield kraft pulps in an attempt to develop 
an analytical method. Thacker (45) attempted to develop 
a procedure for removing all extractives before hydrolysis 
with sulphuric acid. 

Lignin from unextracted or partially extracted wood |) 
contains extractives or derivatives of extractives found in 
original wood (56-59). Some of these extractives are poly- 
merized by acids and appear in the lignin residue. 

Some lignin is removed by the solvents used for removing | 
extractives from wood (60, 61) and by water extraction (62- |; 
64). This water-soluble lignin gives all the reactions of the } 
insoluble lignin. Some lignin is soluble in the acid solution |) 
used for hydrolysis (65). Lignin that has been subjected to } 
chemical treatment, such as chlorination in the preparation | 
of holocellulose (66-68) or isolation by a method that puts ) 
lignin in solution (69-72), is more soluble in acid solution and | 
does not give proper lignin values in the lignin determination. 


ISOLATION OF LIGNIN 


Soluble Lignins 


Lignin isolated by the method of Brauns (60) has been | 
examined for homogeneity. Hess (73) subjected spruce |} 
alcohol-soluble lignin to fractional precipitation from a \). 
dioxane solution into benzene. The molecular weight by 
osmotic pressure methods ranged from 2800 to 6700, the » 
methoxyl content ranged from 14.1 to 15.7% and carbon i) 
content from 61.78 to 67.27%. 

Chromatographie separation (74) of an alcohol-soluble lig- 
nin from blackwattle wood showed it to contain dark tan- 
ninlike compounds, a yellow fluorescent substance, and an 
almost-white lignin compound. f 

Nord and co-workers (75-80) found that the yield of al- 4 
cohol-soluble lignin was increased if wood or other plant } 
substances were subjected to the action of wood-destroying 
organisms, such as brown rot. This liberated lignin gave the } 
same color reactions as wood lignin and yielded aromatic 
aldehydes when oxidized by nitrobenzene and alkali (81). 
Apenitis, Erdtman, and Leopold (82) found that brown rot 
acted to demethylate and depolymerize lignin. 


Organo-sol-Lignin 


Lignin is converted to an organo-soluble compound when jj 
treated with various organic solvents in the presence of a } 
mineral acid or some catalyst. 


Isolation of Lignin by Acetic Acid 


Sprucewood was treated with acetic acid in the presence of {/ 
magnesium chloride; 11.5 to 18% of the wood dissolved as a | 
crude acetic acid lignin in three successive treatments (83, | 
84). The product contained 9.4 to 11.6 acetyl. When 
correction was made for the acetyl, the methoxyl content was | 
14.1 to 14.6%, hydroxyl content was 12.3%, and phenolic, || 
2.1%. Oxidation with nitrobenzene and alkali gave 10.9% |) 
vanillin as compared with 23% vanillin from cupraammo- 
nium lignin and about 27% from lignin in untreated wood. || 
Pauly (84) prepared acetic-acid-lignin by heating sprucewood 
with acetic acid containing 0.3% H.SO,. The product was 
soluble in chloroform and acetic acid and had molecular 
weights of 898 and 1790. . 

Bell and Wright (86, 87) prepared acetic-acid-lignin from |) 
birch by heating birch wood with acetic acid. The water- 
insoluble product was 25 to 29% of the wood and contained 
17.4% methoxyl. The chloroform-soluble fraction of thet) 
lignin contained about 21% methoxyl. Fisher (88) found thet) 
reaction of acetic acid with lignin in cornstalks to be aided by |) 
the presence of hydrogen chloride. | 


Isolation of Lignin by Methanol and Ethanol 


A study of the isolation of lignin from wood by the use of 
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methanol or ethanol in the presence of hydrogen chloride bas 
been continued. Schuerch (89-97) found that the amount of 
lignin extracted depended on the solubility of lignin in the 
extracting media. Addition of chloroform or dioxane in- 
creased the lignin extracted. Wacek and Hlava (92) found 
that lignin isolated by methanol or ethanol and hydrogen 
chloride had less carboxyl and less terminal methyl groups 
than lignin isolated by organic solvents, such as dioxane, 
acetone, or methyl ethyl ketone. Lignin was isolated from 
Eucalyptus regnans (93) by heating with methanol for 148 
hr. and then with fresh methanol for 16 hr. The reaction 
was similar to a hydrolysis reaction. Fully methylated 
spruce wood when treated with methanol and hydrogen 
chloride (94) gave a methanol-lignin with 30.6% methoxyl. 


An ethanol-lignin was isolated by Guillemonat and Tray- 
nard (95) and compared with a product obtained by extract- 
ing wood with cold ethanol. Analytical values did not agree. 
Hibbert and co-workers (96) carried out extensive work on 
the ethanolysis of wood with ethanol and hydrogen chloride 
with special study of the products that dissolved but were not 
precipitated by water. They found ethanolysis of maple 
wood and re-ethanolysis of ethanol-lignin gave the same low 
molecular weight depolymerization products (97) that were 
identified as 4-hydroxy-3-methoxy phenyl propanone and 
4-hydroxy 3,5-dimethoxy phenyl-propanone derivatives (98). 
These products were synthesized and derivatives made (99, 
100). Sprucewood gave only the 4-hydroxy-3-methoxy 
phenyl propanone and its derivatives (101). They conclude 
these products came from lignin progenitors (102). The 
products from maple wood represented 9.8% of the lignin 
(103). 

Holmberg (104) did not find the propiovanillone products 
from spruce reported by Hibbert and co-workers but did 
find many sugar derivatives. The lignin remaining in the 
wood after ethanolysis reacted with thioglycolic acid in a 
manner similar to that in original wood. Gustafsson and 
co-workers (105) isolated an ethanolysis product from birch- 
wood believed to be a dimer of syringy] glycerol. 


Hagglund and Richtzenhain (106) subjected wood, various 
isolated lignins, and methylated lignins to ethanolysis. The 
yield of water-soluble oils was 10 to 13% from the various 
lignins except lignin isolated by a mixture of hydrochloric 
and phosphoric acids. Merewether (107) isolated 86% of 
the original lignin in Eucalyptus regnans by ethanolysis; 
it had a molecular weight of 1400 after purification and con- 
tained 2 ethoxy and 9 methoxy groups. Acid hydrolysis of 
this lignin removed ethoxy groups (108). Alkali lignin from 
E. regnans was ethylated by ethanolysis treatment giving a 
product with 24% alkoxy] calculated as methoxyl] (109). 


Lignin has been isolated from wood as an organo-sol-lignin 
by the use of many different organic substances. Sawdust of 
quebracho was extracted with ethyl-acetoacetate yielding 
23.8% lignin with 16.01% methoxyl (710). Lignin was ex- 
tracted from sprucewood by chloral hydrate yielding 22.4% 
of a chloral derivative (1/11). Acetonitrile, acetoxime, and 
acetamide extracted lignin from wood (//2). Phenol and 
hydrochloric acid reacted with lignin to produce a soluble 
product in which ortho condensation to the phenol occurred 
(113). Thiophenol reacts in a similar manner (1/174). Freu- 
denberg (115) showed that lignin could be extracted by di- 
oxane and hydrogen chloride or tetrahydrofurane and hydro- 
gen chloride from wood swollen by water. Lignin dissolves 
when wood chips are heated with triethylene glycol at 125° in 
the presence of aluminum chloride (1/6). Ethylene oxide 
(117, 118), in the presence of 5% H.SO, reacts with wood 
_ lignin to form a soluble product. Ethylene glycol containing 
- hydrogen chloride extracts lignin and leaves a cellulose pulp 
‘(119). The presence of water decreases the delignifying 
action (120). Gillet and Urlings (127) studied the delignify- 
ing action of three neutral solvents and found higher tem- 
. peratures favor greater delignification. Nine consecutive 
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cooks at 158° with a 1:1 mixture of butanol and water re- 
moved 92.6% of the original lignin from aspenwood (122). 


Isolation of Lignin by Thioglycolic Acid 


Holmberg and Gralen (123) produced a soluble lignin by 
treating wood with thioglycolic acid. They interpreted the 
reaction as being similar to the reaction of lignin with sodium 
bisulphite. Three treatments were required for delignifica- 
tion (124). Thioglycolic acid and hydrogen chloride extract 
a lignin from spruce with 12.6% methoxyl (125). Fully 
methylated glycol spruce lignin gives a derivative with 25.5% 
methoxyl. Thiohydracrylic acid appears to react more 
rapidly than the thioglycolic acid (126, 127, 128). 


Isolation by Hydrogen Sulphide and Hydrosulphide 


Hydrogen sulphide and sodium sulphide react with wood to 
produce a soluble lignin (/29) with sulphur contents ranging 
from 4 to 17.5%. Water appears to be split off in the reac- 
tion (130). Some depolymerization occurs and distillable 
products are formed (13/). The yield of thio-lignin is not 
increased by colloid milling of wood or by swelling agents 
(132). Monoethanolamine is a solubilizing agent (133). 
Previous methylation of wood almost completely inhibits 
formation of thio-lignin (134), which would indicate the 
reaction takes place through a hydroxy group (135). Some 
monomolecular degradation products are produced during 
the production of thio-lignin from aspen (136). Several 
derivatives (137) of thio-lignin from Eucalyptus regnans 
show its building blocks to contain 9 methoxyls, 1 sulphur, 
1 enolic hydroxyl group, 1 phenolic group, 3 secondary, and 
1 tertiary hydroxyls. Oxidation of the thio-lignin after 
methylation gives veratric, isohemipenic, and veratroyl- 
formic acids (138). Molecular weight fractionation shows 
thio-lignin to be a mixture of two main products, one with a 
molecular weight between 400 and 500 and another between 
1000 and 1500. Carboxy groups increase with increase in 
time of cooking and with temperature; total hydroxyl and 
sulphur content are almost constant (1/39). 


Isolation of Lignin by Alkali 


Further study has been made of the isolation of lignin by 
palkali. Polya and Vallance (140) found that lignin precip- 
itated from alkali pulping liquors and subjected to the usual 
sulphuric acid method for lignin determination yielded only 
89% insoluble lignin with 14.5% methoxyl. Alkali lignin 
from Eucalyptus regnans (141) had an equivalent weight of 
863 and contained 24.7% methoxyl. It contained phenolic 
and alcoholic hydroxyl groups and was acetylated, benzoyl- 
ated, and methylated, showing the presence of 8 hydroxyl 
groups. The lignin could be separated into an ether-in- 
soluble fraction and an ether-soluble fraction by precipitation 
from dioxane (142). A study of the lignin dissolved by al- 
kali from beechwood at 100°C. showed that 35.5% was dis- 
solved in 2 hr. by 8% NaOH as compared with only 15% by 
4% NaOH in 48 hr. and 21.2% by 24% NaOH in 48 hr. (143). 


Isolation of Lignin by Nitric Acid 


A method has been developed for delignifying hardwoods 
by the use of dilute, spent nitric acid. Pulp yields were 
38.8% of a high alpha pulp suitable for rayons and film 
(144). Many of the variables in nitric acid pulping were 
studied by Shinra and Tze (145), who also made a study 
of the lignin recovered from the process. Lieser and Schaack 
(146) nitrated sprucewood with a mixture of sulphuric and 
nitric acids. Nitro-lignin was dissolved from the nitration 
mixture by methanol. Removal of the methanol left a light 
brown residue with 10% nitrogen. 

Hachihama (1/47) prepared a nitro-lignin by the action of 
10% HNO; on rice straw for 30 min. at 50°C. The lignin 
was methylated, then oxidized to yield a product free from 
methoxyl groups. Traynard and Robert (148, 149) prepared 
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a nitro-lignin that they subjected to various treatments. 
They found the product had a molecular weight of about 
1150, and contained 3 NOs, 4 COOH 2 CO, 2 MeO, 2 phenolic 
OH groups. Reduction (150) with tin and hydrochloric acid 
gave no NH» groups. Freudenberg, Lautsch, and Piazolo 
(151) nitrated an acetylated hydrochloric acid spruce lignin 
with nitrogen pentoxide. The product contained 0.9 nitro 
groups per Cy) and was insoluble in organic solvents and 
sodium bicarbonate. They conclude the product must be 
aromatic. 


Isolation of Lignin by Sulphite Solutions 


Considerable progress has been made in the chemistry of 
the sulphonation of lignin and in the chemistry of the product. 
Erdtman (152) found that the sulphonation of lignin was a 
two-stage process, one involved the sulphonation of the 
lignin without producing a soluble product and the other a 
hydrolysis-solubilizing step. At low pH both steps occurred 
simultaneously. At a pH of 4 to 6 only the sulphonation 
stage occurred giving about 65% yield of what Erdtman called 
a “low sulphonated lignin.” Subsequent treatment with 
0.3% HCL converted the solid to the soluble form. The low 
sulphonated lignin contained about 1 sulphur for 40 carbons 
or 4 methoxyls. About 33% of the lignin dissolved when 
sulphonated at pH 5.25 and had a ratio of 1 sulphur to 2 to 3 
methoxyls (153). Further sulphonation of the insoluble 
lignin increased the ratio to 1 sulphur for 1 to 1.4 methoxyls 
(154, 155). If the “low sulphonated lignin” is refluxed with 
ethanol, some ethylation occurs. Resulphonation at low 
acidity does not remove ethoxy groups, but at high acidity 
ethoxy groups are replaced by sulphonic acid groups (156). 

Birch and a grass, when sulphonated at pH 4 to 7, react 
more slowly, indicating a lower content of sulphonatable 
groups (157). Lindgren concluded that two different types 
of linkages were involved in the two types of sulphonation. 
It is proposed that most of the sulphonation follows a reaction 
involving a benzyl-alecohol type hydroxy] at pH 6 to 7 and 
ether groups at lower pH levels (158). More work on the 
identity of these groupings has been done by Mikawa and 
co-workers (159, 160) who used the reaction of lignin with 
hydrogen sulphide and phloroglucinol as a means of identify- 
ing the groups. 

The kinetics of the first stage sulphonation were studied by 
Nokihara (161). The hydrolysis stage appears to be the 
rate-limiting reaction (162). If sulphonation of lignin occurs 
before hydrolysis, there is less damage to the cellulose (1/63) 
and lignin (164). Freudenberg, Lautsch, and Piazolo (165) 
found that high pH gave a lignin with 1 sulphur for 2 meth- 
oxyls. Further sulphonation does not increase the phenol 
hydroxyl, indicating an ether ring but not the furane ring 
may be split. Lange (/66) examined wood, after various 
periods of cooking, under the microscope and by ultraviolet 
absorption. He concluded that sulphonation did not change 
the degree of unsaturation and that it was doubtful if a 
coumarane ring is cleaved by sulphonation. 


Beechwood that had been prehydrolyzed, preferably by 
sulphur dioxide, was delignified by cooking with magnesium 
or sodium sulphite at pH 5 to 7 for 8 hr. (167). Alkali lignin 
was sulphonated at pH 8.8 (168), but the sulphonic group was 
split off again by heating with alkali at 160°C. Richter and 
Pancoast (169) in an extensive study have recently repeated 
a great deal of the experimental work on the sulphonation of 
lignin and delignification of several species of wood and have 
confirmed the various findings. 


Properties of Lignosulphonic Acid. Lignosulphonic acid 
was precipitated from technical sulphite spent liquors by 
4,4’-bisdimethyl amino diphenyl methane sulphate, brucine 
sulphate, and lead acetate (170). Recovery was poor but 
the products were similar, having about 1 sulphur for 2 
methoxyl groups. Precipitated lignosulphonic acid was 
methylated by diazomethane (/71). One methoxyl was 
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introduced for each sulphite group, giving an ether-insoluble 
compound with 21.7% methoxyl and 7.85% sulphur and 
an ether-soluble compound with 23.1% methoxyl and 10.8% 
sulphur. Lignosulphonic acids were precipitated by fluo- 
silicic acid, giving a product with 48 to 60% carbon and 
14.8 to 16% methoxyl (172). Ligninsulphonate from fer- 
mented spent pulping liquor was converted to the ammonium 
salt by ammonium carbonate and then treated with ammo- 
nium thiocyanate and bromine or chlorine at 0 to 15° and 
then added to butyl alcohol to precipitate (173). The prop- 
erties of the product indicate that thiocyanate had been sub- 


~ stituted for a hydrogen in the aromatic ring. 


Lignosulphonic acid precipitated from aspen pulping liquor 
contained 21% methoxyl (174). The methoxyl recovered 
represented 60% of the total in the wood. Attempts to pre- 
pare a sulphur-free product resulted in the loss of most of the 
methoxyl. Lignosulphonic acids from a “soft”? commerical 
cook and from a ‘medium hard” laboratory cook (175) were 
compared by precipitation with benzacridine. The first to 
precipitate was lower in sulphur and gave a lower yield of 
vanillin on oxidation with nitrobenzene and alkali. Analysis 
showed that about 10% of the methoxyl in sprucewood was 
not a part of the lignin. Beta-lignin sulphonic acid (176) 
(the soluble lignosulphonic acid produced by cooking spruce- 
wood at a high pH) has a higher sulphur content and gives 
higher yields of vanillin (33 to 38%) on nitrobenzene-alkali 
oxidation than the insoluble product. 


Lignosulphonic acids having an apparent molecular weight 
of less than 2000 have been separated from spent commercial 
pulping liquors by dialysis (177) in 65 to 80% purity (178). 
Alkaline hydrolysis of the product caused an increase of 
0.67 hydroxyl for each methoxyl group and also caused an 
increase in molecular weight. 


An ammonium lignosulphonate was deionized and con- 
verted to a barium salt (179). This was precipitated in three 
fractions by adding acetone. The middle and last fractions 
were subjected to diffusion analysis. This product showed 
molecular weights from 1500 to 20,000 (180). 


A barium salt of lignosulphonic acid that had been purified 
by dialysis was fractionally precipitated from water by 
ethanol. When these fractions were calculated on a sulphur 
and ash-free basis, composition was nearly uniform. Ultra- 
violet absorption spectra of the fractions was nearly uniform 
(181). Molecular weight determinations of lignosulphonic 
acid by Schwabe and Hasner (182) showed molecular weights 
ranging from 1865 to 6660 depending on concentration and 
purity. Using a shape factor of 4.6, Ivarsson (183) cal- 
culated a molecular weight of about 8000 for lignosulphonic 
acid. Resulphonation causes some lowering of molecular 
weight. 


Melander (184) prepared sodium, potassium, and ammo- 
nium salts of lignosulphonic acid by mixing the calcium salt 
with the sulphates of the various salts, filtering off the calcium 
sulphate, and evaporating in the presence of sulphur dioxide. 
Methoxy derivatives of lignosulphonic acid were made with 
diazomethane and with dimethyl sulphate (185). Attempts 
to desulphonate lignosulphonic acid gave a product with 
lower methoxyl and hydroxyl content than alkali lignin from 
the same wood (186). 


Isolation of Lignin by Hydrotropic Solvents 


Heating of wood with about 10 times its weight of a con- 
centrated solution of sodium xylene sulphonate causes lignin 
to dissolve (187). The solubility of the lignin increases as the 
concentration of the sulphonate increases above 20%. A 
35% solution of the sulphonate yields a crude pulp in 48 to 
50% yield in 5 to 6 hr. at 150° (188). Lignin is precipitated 
by diluting the recovered cooking liquor to 5% sulphonate. 
Advantage in yield and cost of chemicals over kraft pulping 
is claimed (189). 
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Isolation of Insoluble Lignin 


Concentrated hydrochloric acid and 72% H.SO, are used 
for analytical determinations of lignin. They are also used to 
produce lignin for comparison with that produced by other 
processes, although it is recognized that the values for lignin 
are subject to limitations and that some changes may have 
occurred in the lignin during the isolation. It is recognized 
that low lignin values and high methoxyl content for the 
lignin represent most closely the true lignin content. The 
work of Sherrard and Harris (190), in which a series of acid 
concentrations were used and the methoxyl content of the 
lignin determined, has been repeated and confirmed by Wacek 
and co-workers (191, 192). A minimum value for lignin 
from extractive-free wood was found. This product con- 
tained the highest methoxyl content, somewhat higher than 
that reported by other investigators (193) who did not deter- 
mine the yield and methoxyl content in the same manner. 
Lignin in wood that has been subjected to chlorination or 
oxidation is not quantitatively converted to insoluble lignin 
by strong acids (194). 


Isolation of Lignin by a Periodate Method 


Purvis and co-workers (195, 196) isolated lignin from wood 
by alternate treatments with sodium periodate at pH 4 and 
20°C. and with boiling water at pH 7. Recovery of lignin 
was 92 to 97% for spruce and 75 to 78.5% for maple, birch, 
and beech. Analysis showed a carbon content of 55 to 61%. 
Reaction to ethanolysis, nitrobenzene-alkali oxidation, hydro- 
genation, and sulphonation was similar to that of lignin in 
wood 


Isolation of Lignin by Dilute Acid Hydrolysis 


Wood saccharification processes (197-200) leave a residue 
consisting principally of lignin but containing residual un- 
hydrolyzed carbohydrate, decomposition products and wood 
extractives. This product, while not pure, could represent a 
potential raw material for chemical processing. 


PROPERTIES OF LIGNIN 


The properties of lignin differ with the method of isolation 
and with the treatment given wood before isolation. A 
small amount of lignin in wood is alcohol-soluble. The 
remainder is insoluble either in its original state or because it 
is attached to carbohydrates. Nord and co-workers (201) 
have increased the amount of soluble lignin from wood by 
enzyme action of wood-rotting organisms. The increase in 
solubility may be due to a cleavage of the carbohydrate 
complex or to chemical changes occurring in the lignin due to 
the enzyme action. Sulphonation, oxidation, chlorination, 
and alkali treatment make lignin more soluble. Strong 
acids appear to make lignin less soluble, although the ratio of 
soluble lignin to insoluble lignin in isolated sulphuric acid lignin 
is about the same as the ratio of soluble lignin to insoluble 
lignin in original wood. 

Isolated lignin ranges in color in its solid state from a very 
light tan to a dark brown, depending on the method of isola- 
tion. Because of the light color of certain woods, it is as- 
sumed that lignin in its natural state is white or very light 
tan and that the color of lignin is due either to the presence of 
colored extractives or to deposits of colored carbohydrate 
decomposition products. Light-colored lignin forms dark- 
colored solutions in organic solvents or alkali. The color 
may be due to action of alkali on the phenolic portion of lignin 
or to some colored constituent. Enslin (202) has shown that 
lignin from black-wattlewood could be separated into a dark 
tanninlike constituent, a yellow fluorescent constituent, and 

.a colorless lignin product. Bailey (203) found lignin to 
consist of two or more products on the basis of solubility in 
methanol and acetone when extracted after impregnation on 
filter paper. 
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Ultraviolet Light Absorption by Lignin 


Ultraviolet light absorption of lignin solutions and of solid 
lignin has been used to study nature of lignin. Lange and 
co-workers (204-207) determined the ultraviolet absorption 
of aleohol-soluble lignin and, on the basis of ultraviolet ab- 
sorption of spruce wood, estimated that lignin represented 
27 to 30% of the wood. Sohn (208) concluded that the ultra- 
violet absorption at 280 mmu may be due to either 5 or 6- 
member rings. He made a study of furfural and other 5 and 
6-member ring compounds and concluded that some degrada- 
tion products or impurity may hide the true spectra of lignin. 
Bailey (209) used ultraviolet absorption to study four lignin 
fractions he had separated by chromatography. All frac- 
tions had a maximum absorption at 280 mmu and also be- 
tween 220 and 240, indicating that the difference between 
fractions were slight. 

Schubert and Nord (2/0) found the ultraviolet absorption 
of lignin that became alcoho! soluble after decay to be the 
same as original alcohol-soluble lignins. Enkvist and Al- 
fredsson (2/1) found hydrogen sulphide-lignin to give almost 
as high an ultraviolet absorption as lignosulphonic acid. On 
the basis of shifts in ultraviolet absorption, they concluded 
hydrogen sulphide-lignin contained 1 phenolic hydrogen for 
3 phenyl propane groups. Kraft lignin contained 1 phenolic 
hydroxyl for 1 phenyl propane group. 

G. Aulin-Erdtman and co-workers (212-217) studied the 
ultraviolet absorption of lignin prepared in several different 
ways and also several model compounds for lignin. The 
presence of a para propyl-guaiacol unit is indicated. Shifts 
in the ultraviolet absorption with derivatives indicate the 
presence of conjugated bonds. The per cent of phenolic 
hydroxyl in various lignin products is estimated on the basis 
of the shift of ultraviolet absorption due to alkali. Gold- 
schmid (218, 2/9) has continued the work on the shift in 
ultraviolet absorption that occurs when lignin preparations 
are made alkaline. He found a ratio of 1 phenolic hydroxyl 
group to 2.2 guaiacyl propane groups in pine alkali lignin. 


Infrared Absorption by Lignin 


In recent years the infrared spectrophotometer has been 
used to study the infrared light absorption by lignin prep- 
arations. Jones (220, 221) observed the absorption by 
‘native lignin’? and its derivatives and found evidence of 
strong hydrogen bonding as characteristic of phenolic sub- 
stances. Infrared absorption spectra of conifery] alcohol, 
coniferyl aldehyde, ‘native’ spruce lignin, ammonium lig- 
nosulphonate, and methylated spruce lignin were compared 
with that of a dehydrogenation polymer produced by the 
action of an enzyme from mushroom on coniferyl alcohol. 
It was found that the infrared absorption of the dehydro- 
genation polymer resembled that of spruce lignin (222). 

Kuhn (223) observed the infrared absorption of a large 
number of carbohydrates and their derivatives. These did 
not give the absorption given by lignin and by thin wood 
sections (224, 225). Kratz] and Tschamler (226) observed 
that the spectra of lignin had a similarity to aromatic de- 
rivatives of cellulose and differed from methyl! cellulose and 
furfural polymers. Nord and co-workers (227-229) observed 
that the infrared spectra of enzymatically liberated lhgnin was 
similar to native lignin. 


Molecular Weight of Lignin 


Molecular weight determinations of lignin and lignin 
derivatives show that lignin preparations are a mixture of 
polymers with different degrees of polymerization. Schwabe 
and Hasner (230) found one sample of lignosulphonic acid 
before dialysis to have a molecular weight of 1865 at 0.9 
gram per liter concentration and 2450 at 3 grams per liter 
concentration; another fraction of a dialyzed product had 
molecular weights from 5180 to 6660. Ivarsson (237) 
found a molecular weight of about 8000 for lignosulphonic 
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acid, using a shape factor of 4.6. _Resulphonation of the ligno- 
sulphonic acid lowers the molecular weight. 

Gralen (232) measured the molecular weight of a thio- 
glycolic acid lignin and a hydrobromite lignin by the Sved- 
berg ultracentrifuge. A degree of polymerization of 36 was 
found, or a molecular weight of about 7000. Heating of the 
thioglycolic acid lignin with thioglycolic acid and hydro- 
chloric acid or with alkali depolymerized the lignin to about 
half its original molecular weight. ‘Native’ spruce lignin 
that had been fractionally precipitated from benzene had 
molecular weights of 2800 to 6700 when measured by osmotic 
pressure method (233). 

Various samples of lignin were fractionally precipitated 
and the molecular weights of the fractions determined 
(234, 235). Their maxima of molecular weight were about 
800, 1200, and 1400 to 1700. An alkali lignin showed a 
portion with a molecular weight of about 400. “‘Rast”’ 
molecular weights of thio and alkali lignin were about 500. 
Methylated and acetylated derivatives of these same lignins 
were 1000 and 1500. Deacetylated acetyl-lignin again had a 
molecular weight of about 450. Methylation with diazo- 
methafie gave a product with molecular weights of 1000 
and 1500. Wt was concluded that reactions that replace the 
phenol hydroxyl group gave higher molecular weights (236). 


Fractionation of Lignin by Chromatography 


Soluble lignin has been subjected to chromatographic 
separation in attempts to fractionate lignin. Bailey (237— 
239) found that various lignins, when placed on filter paper 
and treated with a solvent, separated into zones that were 
heterogeneous. The phenolic fraction from the alkali and 
“kraft”? pulping of spruce wood could be separated by paper 
chromatography (240). Enslin (202) separated a ‘‘native”’ 
lignin into three products by using first a diatomaceous earth 
and then a cellulose powder in a column. Bland and Gatley 
(241) determined the R; values for two components of a 
methanol-lignin from Hucalyptus regnans to be 0.05 and 0.95, 
when a mixture methanol 40 parts, isopropyl ether 80 parts, 
and water 20 parts was used as the developing agent. 

Oak and maple alkali lignins appeared to be homogeneous 
when subjected to separation by electrophoresis, while 
“native” pine lignin appeared to contain a mixture of products 


(242). 


Fine Structure of Lignin 


Jodl (243) studied many of the physical properties of lignin. 
He found the interplanar spacings of cupraammonium lignin 
to be 9 A X 15 A X 3.9 A, the density to be 1.41, and the 
surface area of 1 gram of lignin to be 180 sq. in. Water is 
bound by lyosorption and capillary condensation. Zahn 
and Lautsch (244) studied the x-ray of lignin and model com- 
pounds. They were unable to draw any conclusions as to 
chemical structure from their x-ray data. 


Color Reactions of Lignin 


Lignin and wood react with amines and phenols to produce 
colored compounds that are useful in determining the presence 
of lignin and indicate certain structures for lignin. In 1944 
Schutz and Sarten (245), after studying the optical properties 
of wood and lignin, concluded that the formation of colored 
compounds was not evidence that lignin was performed in the 
wood. Netien and Névoret (246) found that sulphonamides 
react with the lignin of wood to form a derivative that gives 
a strong orange-yellow color when acidified with hydrochloric 
acid. Moerke (247) found several amino compounds that 
give a color with lignin. Isolated lignins react with SbCl,, 
SbCls, AICls;, AsI, to form colored addition compounds that 
Poggi, Serchi, and Berretti (248) designate as a “halochromic”’ 
reaction. 

Adler and co-workers (249, 250) studied the color reactions 
model compounds and found that eugenol and methy! eugenol 
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did not give wood-type color reactions, but veratraldehyde, 
methyl coniferyl aldehyde, and coniferyl aldehyde gave color 
reactions. Ultraviolet absorption curves of the color de- 
veloped by coniferyl aldehyde with phloroglucinol and hydro- 
chloric acid were similar to those for native lignin. The 
depth of color indicated 1 coniferyl aldehyde group in lignin 
for 40 methoxyl and 8 carbonyl groups. Ishikawa (241) 
was able to extract the substance responsible for the color 
reaction in bamboo shoots. He assumed it to be a compound 
with a coniferyl-aldehyde type grouping. Seifert (242) 
studied the color reactions of a large number of model com- 
pounds and lignin with acetyl acetone, phloroglucino], para- 
phenylenediamine, and hydrochloric acid. 

A color reaction may also be used to study the effect of 
various reagents on wood (253). Pew (254) found that the 
ultraviolet absorption of the color of resorcino] on spruce 
lignin has the same wavelength as acidified, reduced 4’,7- 
dihydroxy 3-methoxy flavanone, the same as reduced 2’,4,4’- 
trinydroxy 3-methoxy chalcone, and the same color as the 
condensation product of resorcinol and coniferyl aldehyde in 
acid solution. A yellow color is produced when lignin is 
treated with strong hydrochloric acid (255, 256) and this 
color is the same as that produced by 5-propeny! coniferyl 
aldehyde. As the reaction proceeds, the color turns to green, 
which is made up of a blue and a yellow. The blue color 
appears to be the result of condensation of the coniferyl 
aldehyde group with the phenyl propane of lignin in the 6 
position. The group responsible for this color is destroyed 
by oxidation with peroxide. 


CHEMICAL REACTIONS OF LIGNIN 


Lignin contains many reactive groups that have been the 
subject of much research in the past. The hydroxyl groups 
of lignin readily form ethers with various alkylating agents. 
The nature of the hydroxyl groups may be studied by the 
reactivity of the ether. Brauns (257, 258) prepared alkyl- 
ated lignins and submitted methylated HCl-spruce lignin to 
various reactions. Acetic acid with magnesium chloride, 
phenol, or thiophenol and hydrochloric acid cause the methyl- 
ated lignin to lose 2 methoxyl groups. Heating with 5% 
NaOH at 170 to 180° causes no change. . Sulphuric acid 
(72%) splits off 2 methoxyl groups. Thioglycolic acid with 
hydrochloric acid splits off 1-methoxyl group. On _ the 
basis of studies involving methylation of sprucewood and 
lignin, Freudenberg and Kraft (259) propose the formula 
(C9.93H10.2703.11) for spruce lignin. 

In an attempt to prepare lignin derivatives that would be 
more stable and therefore more suitable for plastics and other 
uses, several ethers and esters were made (260-268). 


The reactions of lignin with hydroxyl amine were studied 
by Nokihara (264), who found that treatment of wood with 
hydroxyl amine and hydrochloric acid in ethanol solution 
causes 27% of the wood to dissolve. Two nitrogen-containing 
products are obtained, one with 3 methoxyls per nitrogen and 
the other 0.95 methoxyls per nitrogen. Lignosulphonie acid 
produced at high pH lost half its sulphur when treated with 
hydroxyl amine and hydrochloric acid. The rate of oxime 
reaction was determined by the rate of hydrochloric acid 
liberation from the amine. 

Bisulphite appeared to react with the hydroxyl of lignin 
at high pH (265) and with both hydroxyl and some ether 
linkage at low pH (266). Hydrogen sulphide appeared to 
react with hydroxyl and phenolic ether linkages of wood 
(267). Nitration of wood and lignin gave a fraction of the 
lignin as aromatic nitro-lignin (268). 


REACTIONS OF CHLORINE AND BROMINE 


Chlorine reacts with lignin in wood and with isolated lignin 
to give a product in which most of the chlorines are loosely 
combined (269). The solubility of the lignin is increased. 
When wood is chlorinated in the presence of methanol, lignin 
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becomes soluble as a chlor-lignin (270). The use of calcium 
carbonate to neutralize hydrochloric acid decreases the 
yield, indicating that hydrolysis accompanied the reaction. 
Mild chlorination that introduces small amounts of chlorine 
gives a stable chlorine derivative, while extensive chlorination 
yields chlorine derivatives from which the chlorine is easily 
lost (271).. Commercial wood-hydrolysis lignin was chlo- 
rinated (272). As long as the chlorine content was below 25 
to 27%, no methoxyl was lost. More chlorination removed 
methoxyl. It appears that chlorination reactions are largely 
by substitution. 


Bromination of various isolated lignins in carbon tetra- 
chloride gave products with about two bromines for each 
Cio of the lignin. Half of this bromine is split off by 10% 
KOH (273). Bromination of lignin model compounds, such 
as proploguaiacone in chloroform gave the 5-brom derivative, 
which on degradation yielded 5-brom vanillic acid (274). 
Bromination of lignosulphonic acid gave a soluble product 
that contained no sulphur and an insoluble product with 40% 
bromine. Bromination of lignosulphonic acid and _ several 
mode] compounds in alkaline solution yielded bromoform as a 
result of cleavage of side chains (275). When n-bromsuccini- 
mide is the brominating agent, a product with 1 bromine per 
methoxyl is produced (276). Derivatives indicate that sub- 
stitution was in the 5 position of the phenol ring. Sodium 
hypo bromite gives a bromine derivative of lignin when 
allowed to react with sprucewood (277). This derivative 
loses two thirds of its bromine on treatment with 1N NaOH. 


Reaction with Phenol and Thiophenol 


Phenol (278) and thiophenol (279) react with lignin in 
wood or isolated lignin in presence of hydrochloric acid to give 
a mixture of condensation products. Oxidation of the result- 
ing products with nitrobenzene and alkali gives products with 
substitution in the ortho position, indicating that the phenol 
condenses with the lignin in the ortho position. 

A study of the rate of reaction of phenol with lignin and 
model compounds gave an energy of activation for the re- 
action of phenol with lignin of 8 to 10 kg.-cal. 


Other products also condense with lgnin. Amino and 
nitro-butanol react to give compounds with 1.4 to 1.9% 
nitrogen (280). Maleic acid reacts to give compounds soluble 
in alkali (281), indicating the presence of unsaturated link- 
ages. Maleic and succinic anhydrides react with wood to 
give an alkali-soluble lignin product and a pulp with less 
than 1% Jignin (282). 


OXIDATION PRODUCTS OF LIGNIN 


Extensive work on oxidation and degradation by oxidation 
has been carried out in the past 10 years. When oxygen is 
used as the oxidizing agent, the amount of oxygen absorbed 
is proportional to the alkali present (283). Oxidation of 
model compounds by gaseous oxygen indicates that the ring 
opens between the hydroxyl groups (284). Electrolytic 
oxidation of butanol-lignin at a lead cathode gave ketones, 
acetic and oxalic acid, and substituted aromatic acids (285). 
Oxidation of various lignins with potassium permanganate 
gave veratric acid, dehydrodiveratric acid, isohemipinic acid, 
succinic acid, and metahemipinic acid (286-288), showing 
that Jignin contains guaiacyl propane units with substitutions 
in both the 5 and 6 positions. 

Oxidation of spruce or maple “‘native’’ lignin by chromic 
acid gave very little acetic acid, indicating no appreciable 
amount of end-methyl groups. Ethanol lignin gave | acetic 
acid for 4 to 5 C,C; units. Re-ethanolysis increases the 
number of end-methyl groups by intramolecular changes 
~ (289). Mild oxidation of coumarones and methylated- 
- ethanol-spruce lignin with chromic acid gave similar products 
and lead Wacek and Limontschew (290) to conclude that 
lignin contains a coumarone nucleus. Oxidation of hydro- 
chlorie acid lignin and vanillin (291) with 20% H,O» yielded 
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many of the same products, indicating similar fundamental 
structure. The action of sodium peroxide on sprucewood 
gives a light-colored product without much change in com- 
position (292). Extractives and lignin account for most of 
consumption of peroxide. Methylation of sprucewood de- 
creases sodium peroxide consumption. 

When firwood is treated for a short time with 10% per- 
acetic acid, most of the lignin dissolves, leaving a pulp. 
The solution yields lignin products low in methoxyl groups 
(293). Oxidation of lignosulphonic acid (294) and of lignin 
(295) with metaperiodic acid required 1 mole of the acid for 
195 to 200 grams of lignin. Two to 3 moles of hypochlorite 
react with cold hydrochloric acid lignin, and 7 moles of hypo- 
chlorite react at 95°C. Lignin sulphonate at 95°C. reacts 
with 10 to 15 moles of hypochlorite (296). The reaction 
causes a change in the ultraviolet absorption curve. Methyl- 
ation of the lignin decreases the moles of hypochlorite used. 
When semichemical pulps are treated with chlorine followed 
by sodium hydroxide and with hypochlorite, most of the 
lignin and some of the noncellulosic materials are removed 
(297). When wood is treated with sodium chlorite, lignin 
dissolves (298, 299) and chlorite derivatives of lignin may be 
recovered from the filtrate. 


Oxidation of Lignin with Nitrobenzene 


Most oxidation methods used for the study of lignin have 
been too drastic and products represent end products rather 
than intermediates that may be of value in determining the 
structure of lignin. Nitrobenzene has been used as a mild 
oxidizing agent for many years in reactions such as the 
Skraup synthesis of quinoline (300). Freudenberg and 
Lautsch (301) found that nitrobenzene acted as a mild 
oxidizing agent for lignin, giving vanillin and related com- 
pounds. Recently this work has been extended to model 
compounds to determine the structures that give high yields 
of vanillin. With the development of chromatographic 
methods of separation, some of the work on lignin has been 
repeated to determine the various products formed. Wacek 
and Kratz] (302) oxidized several hydroxy and keto phenyl 
propane compounds with nitrobenzene. Compounds with a 
C=O on a side chain next to the phenyl group gave acids 
rather than aldehydes. Compounds with a parahydroxy 
phenyl grouping gave higher yields of aldehydes (303). 

Pearl and Lewis (304) studied the reduction of nitrobenzene 
by sulphite spent liquor to determine the maximum yield of 
products. Hibbert and co-workers (305, 306) studied the 
oxidizing action of nitrobenzene on many different plants to 
determine the yields of vanillin and syringaldehyde. They 
found that the ratio of products formed offered a new means 
of classifying plant materials. Various chemical treatments 
decrease the yield of vanillin (307) from lignin as follows: 
alkali lignin > 70% H.SO, lignin > degraded lignin > methyl- 
ated lignin. 

Cohen (808) reported Hucalyptus regnans yielded 4 times 
as much syringaldehyde as vanillin and H#. marginata 1.5 
times as much syringaldehyde as vanillin. Bland, Ho, and 
Cohen (309) separated the products of nitrobenzene oxidation 
of various eucalypt woods by chromatography and were able 
to obtain much better separation. 

Stone and Blundell (3/0) developed a nitrobenzene oxida- 
tion method for lignin using small samples (40 to 50 mg.). 
The products were separated by chromatography, extracted, 
and converted to a 2,4-dinitrophenyl hydrazine and then 
determined with a Beckman  spectrophotometer. When 
wheat straw “native’’ lignin was fractionated (311), the ether- 
soluble fraction gave a different ratio of vanillin to syring- 
aldehyde than the ether-insoluble fraction. 

Leopold and co-workers (3/2, 313) conducted extensive 
experiments using nitrobenzene oxidation. Wood decayed 
by brown rot gave low yields of vanillin. When the products 
of the oxidation of spruce were separated chromatographically 
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a Jarge number of other products, such as parahydroxy 
benzaldehyde and 5-formyl vanillin, in addition to vanillin 
and syringaldehyde were shown to be present (3/4). Total 
yield of aldehydes recovered based on the methoxy! recovered 
in the aldehyde was 31 to 32% (315). Aldehydes from hard- 
woods were about 75% syringaldehyde. Low sulphonated 
lignin (316) appeared to give higher yields of vanillin based 
on methoxyl recovered than did wood, but this was because 
some nonlignin methoxyl had been lost in the preparation of 
the low sulphonated lignin. Soluble beta lignin sulphonic acid 
(317) gave higher yields of vanillin (33.0, 36.0, and 38.3%) 
as the molecular weight of the lignin decreased. Wood 
attacked by termites (3/8) left the lignin relatively un- 
changed and gave almost the same yield of vanillin. Methyl- 
ation of lignin (319) by diazomethane, methanol and hydro- 
chloric acid or dimethyl sulphate decreased the yield of 
vanillin by preventing the splitting of phenolic ether linkages 
in lignin. Several lignin models were condensed with resor- 
cinol (320) and the yield of vanillin by oxidation was deter- 
mined. 


De Stevens and Nord determined the nitrobenzene oxida- 
tion products of bagasse lignin (321) and of “native” and 
enzyme-libeyated lignins ($22). They consider there is 
evidence for 1 tertiary hydroxyl, 1 alcoholic hydroxyl, 1 
phenolic hydroxyl, 1 enolizable carbonyl, and 1 cyclic ether 
in a lignin unit. 


Alkaline-nitrobenzene oxidation of lignin (323) dissolved 
by the chlorite process for holocellulose gave vanillin, 6-chlor 
vanillin, and vanillic acid; no 5-chlor vanillin was found, 
indicating substitution of chlorine was not in the 5 position 
as proposed for the action of chlorine on lignin. 


Hlava and Brauns (324) concluded that the low yield of 
veratraldehyde when hydrochloric acid lignin and methylated 
hydrochloric acid lignin were oxidized was not proof that little 
veratraldehyde was formed, because veratraldehyde is de- 
methylated by oxidation with nitrobenzene. 


Oxidation with Metal Oxides 


Pearl has used metallic oxides for the oxidation of lignin; 
mercuric oxide and alkali yield vanillin, acetovanillin, vanillic 
acid, and guaiacol (325). Calcium lignosulphonate yields 
the same products with mercuric oxide or silver oxide (326). 
Treating of kraft or sulphite spent liquor lignin with hot 
sodium hydroxide and mercuric oxide produces 5-(hydroxy- 
mercuri)-vanillin in addition to other products (327). Chang- 
ing the ratio of lignin to silver oxide and of lignin to sodium 
hydroxide resulted in yields of vanillin ranging from 9.0 to 
28.2% (828). The highest yield (31.4%) resulted with a 
silver oxide to lignin ratio of 3.75 and a sodium hydroxide to 
lignin ratio of 21.0 at 83°. A similar experiment with copper 
oxide gave a maximum yield at 190°. Improved separation 
of the products from the oxidation of sulphite spent liquor 
with silver oxide showed the presence of 5-carboxy vanillic 
acid (329) in addition to products noted before. With 
copper hydroxide as the oxidizing agent, 5-carboxyvanillic 
acid, 5-carboxy vanillin, dehydrodivanillic acid, and dehydro- 
divanillin were found in addition to other products (330). 
Chromatography aided in separation of products, gave re- 
coveries up to 99% (331), and showed the presence of several 
other related compounds (332). 


CLEAVAGE OF LIGNIN HEATED WITH ALKALI 


Crude lignin heated with calcium hydroxide in 90% ethanol 
at 320° for 5 hr. gave a tar fraction containing 24% phenols 
and 2.5% acids (333). Several isolated lignins and spruce- 
wood yielded vanillin and acetaldehyde when heated with 
alkali. Sulphonated lignin gave highest yields (334). Form- 
aldehyde also appears as a cleavage product (335). Similar 
experiments with model compounds indicate the formaldehyde 
originates in the side chain (336). The alkali-cleavable 
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groups appear to be masked in isolated lignins. An increase 
in alkali concentration causes some increase in cleavage. 


HEATING WITH HYDROCHLORIC ACID AND AN 
ALCOHOL 


Bailey (337) found seven low boiling compounds in DTW, 
yield in the products resulting from the heating of butanol- 
lignin with 50% butanol containing 0.25N HCl for 3 hr. 
at 100°C. Heating of methylated sprucewood with methanol 
and hydrochloric acid gave a methanol lignin with 30.6% 


_methoxyl, and with phenol gave a product with three phenol 


groups and 16.4% methoxy] (338). 


THERMAL DECOMPOSITION 


Lignin residues from dilute acid hydrolysis of Douglas-fir 
wood decomposed at 375 to 400° to yield a char in 55 to 66% 
yield and 5.2 to 8.9 of a settled tar. The tar was 82% soluble 
in petroleum ether and contained 35.5% phenolic, 32.8% 
neutral, and 7 to 8% acidic substances (339). Fractionation 
of the constituents of the tar yielded phenols and catechols 
(340). Heating of a sulphonated copper-oxide-lignin in an 
oil bath at 90 to 180° split off sulphur dioxide. At 250°, 
69.7% of the sulphur was lost (347). 


CLEAVAGE BY SODIUM METAL IN LIQUID 
AMMONIA 


Lignin from various sources was 89% decomposed by 
sodium in liquid ammonia to yield 50% water-soluble prod- 
ucts, 19% acids and phenols, 8% ether-soluble neutral com- 
pounds, and 11% high-molecular-weight substances (342). 
A cupraammonium lignin at —33° yielded monomolecular 
products that indicate an ether linkage was cleaved (343, 
344). When the mixture of lignin and sodium in liquid 
ammonia was allowed to stand 7 to 8 days, the solution be- 
came colorless and the product contained an ether-soluble 
oil (15.7%) and a soluble lignin (45%) with 16% methoxyl 
(345). 


HYDROGENATION OF LIGNIN AND WOOD 


Work on the hydrogenation of lignin has been continued. 
Bailey (346) hydrogenated butanol-lignin over Raney nickel. 
One mole of hydrogen was absorbed by 28 grams of lignin. 
Several low-boiling products were identified. Stump (347) 
hydrogenated sulphite spent liquor, obtaining neutral com- 
pounds, phenols, and acids. Hachihama and Jodai (348- 
851) hydrogenated wood and lignin to low molecular weight 
substances containing phenols and neutral compounds. 
Matsuda (352) hydrogenated lignin, obtaining a phenolic 
product 68.5% soluble in ether. Heating of lignin with 
cyclohexanol (353) at 300° converted some of the lignin to 
soluble products and some cyclohexanol to benzene. Meth- 
anol-aspen-lignin was hydrogenated over Raney nickel in 
water at 250° (354), producing substituted cyclohexanols, 
glycol derivatives, and unidentified products. Products 
from the hydrogenation of alkali-hardwood lignin over copper 
chromite at 300 to 327° contained methanol, phenolic sub- 
stances, tar acid, neutral oils, and heavy oils. The phenolic 
fraction contained phenol, cresol, ethyl phenol, propyl 
phenols, and catechols (355). Wood hydrolysis residue was 
hydrogenated (356) to neutral oils, acids, phenols, and high- 
boiling products. 

Lignin was hydrogenated by heating in the presence of an 
alcohol and sodium hydroxide (357), giving high yields of 
neutral compounds with a wide boiling range. Lignosul- 
phonic acid yielded phenols at 260°C. (358). Lignin prep- 
arations heated with butanol and alkali gave catechols, 
monohydric phenols, and neutral oils (359, 360). Hydro- 
genation of wood at 150 to 225° in the presence of a small 
amount of alkali and a catalyst converted lignin to water and 
alcohol-soluble products (361). If the reaction is interrupted 
at an intermediate stage, a chloroform-soluble lignin is ob- 
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tained (362-364). If this soluble lignin is rehydrogenated, 
cyclohexanol derivatives are produced. Granath and 
Schuerch (365) were able to isolate a dimer of the Cio lignin- 
building unit from this chloroform-soluble lignin. Hydro- 
genation of synthetic model compounds and dimers gave 
products similar to those obtained from lignin (366). Prod- 
ucts from the hydrogenation of aspen wood and wheat straw 
(367) were separated by chromatography. Ethyl and 
hydroxy ethyl derivatives were found among the products. 
Soluble lignin obtained by mild hydrogenation of aspen was 
oxidized by nitrobenzene, yielding aldehydes (368). The 
ratio of syringaldehyde to vanillin was higher than that from 
wood. Hallonquist (369) hydrogenated wood under a wide 
range of conditions and determined the yield of low-boiling 
products. No products were identified. 


BIOLOGICAL DECOMPOSITION OF LIGNIN 


An ultraviolet spectrographic method was developed for 
estimating the loss of lignin sulphonate by the action of fungus 
growth (370). Results confirm the observation that fungi 
decompose lignosulphonate. 


Enzymes are found to decompose lignin by demethylation 
and by oxidation (377). Wood-rotting fungi grew on lignin 
as the sole source of carbon (372, 373). Fungi did not appear 
to use lignosulfonate but did remove it from solution (374). 
Residues from the action of fungi on wood resembled true 
lignin and contained 12.7 methoxyl (375). When wood- 
destroying fungi grew on alpha conidendien or vanillic acid 
as the sole source of carbon the products included galactose, 
glucose, mannose, ribose, and rhamnose (876, 377). 

Fischer (378) observed that chromogenic and fluorescent 
groups of bacteria in soil decompose lignin in the presence of 
nitrogen, oxygen, and growth factors. Lignin from chestnut 
and acorns yielded several compounds when acted on by 
lignin-destroying fungi. Vanillin was among the products 
(379). Wood subjected to fungus attack could be molded 
under heat and pressure. Analysis shows a loss of methoxyl 
(380). Leopold (318) found that wood underwent about the 
same degree of decomposition in passing through the in- 
testinal tract of a West Indian termite as in 8 months exposure 
to fungus attack. 


CONTRIBUTION OF MODEL COMPOUNDS TO THE 
CHEMISTRY OF LIGNIN 


Considerable progress has been made in the chemistry of 
compounds believed to be related to the lignin-building unit. 
A number of monomeric products were produced in the 
ethanolysis of wood. Hibbert’s students have synthesized 
many of these and similar products and have studied their 
reactions. One of these, 3-hydroxy-1-(4-hydroxy-3-methoxy 
phenyl)-1-propanone, was methylated and ethylated; on 
oxidation with nitrobenzene it yielded vanillin derivatives, 
and on treatment with ethanol and hydrochloric acid gave a 
ligninlike polymer (381). The ultraviolet spectra of several 
ethanolysis products and related compounds indicated a 
relationship to 4-hydroxy-3-methoxy cinnamic aldehydes 
(382). The 3,4-dimethoxy phenyl] derivative was synthesized 
and that too was converted to a ligninlike polymer (383). 
The acetyl derivatives were shown to undergo ethanolysis 
(384). Removal of bromine from the 1-brom-propanone 
and acetyl from the l-acetyl propanone gave propanone and 
1,2-propanedione, which suggested a means of cleavage of 
groups of lignin (385). A triacetate was hydrolyzed to the 
1,2-propanedione (386). A 3-hydroxy-1-(4-hydroxy-3-meth- 
oxy)-2-propanone was synthesized. This was thought to be 
a prime lignin progenitor (387). Ethanolysis of the 3- 

_ hydroxy compound was carried out by Gardner (388). 

A group of Swedish researchers have carried out extensive 
research on model compounds related to lignin. Model 
compounds form 5-brom derivatives, but lignin forms 6- 

_ brom derivatives, which may indicate the 5 position has been 
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filled by condensation with the side chain of other groupings 
(3889). Substituted benzyl alcohols were sulphonated to 
sulphonic acids. Their presence in pulping liquor inhibited 
sulphonation of pine heartwood (390). When there was a 
parahydroxy present, sulphonation and condensation with 
phenols was closest to that of lignin (391). Pinoresinol, 
which is present in extractives of wood, was sulphonated and 
subjected to several reactions used for lignin and found similar 
to lignin (392). Aromatic keto and hydroxy polyethers were 
oxidized by nitrobenzene and the yield of vanillin determined. 
They were also sulphonated. In the process ethers were 
changed to alcohols which react (393). 


A series of substituted acetoguaiacones were sulphonated 
by replacing the hydroxy] group and gave amorphous sul- 
phonic acids (394). Polymers of aromatic keto and hydroxy 
polyethers were 90% sulphonated at pH 1.7 to 1.8 (395). 
At 180° they were oxidized by nitrobenzene and alkali to a 
high yield of vanillin (396). Oxidation of polyethers pro- 
ceeds by fission of ether linkages and yields products similar 
to lignin. If the groups are combined by carbon-to-carbon 
linkages, yields are low or none. Only benzyl-aleohol type 
alcohols or ethers give good yields of vanillin. Compounds 
having the hydroxy group on the beta carbon atom gave 
little or no vanillin (397). It was also found that para- 
hydroxy benzyl] alcohol or ether groups were sulphonated 
but, if the aromatic parahydroxy group was alkylated, 
swfonation was hindered (898). Dehydrogenation poly- 
merization of coniferyl alcohol lead to the conclusion that 
condensation was of ether or carbon-to-carbon type. The 
ether-type condensation products gave good yields of vanillin; 
the other did not. Lignin may have both types of condensa- 
tion (399). 

Enkvist and Moilanen (400, 401) subjected several model 
substances to hydrogen sulphide and sodium hydrosulphide. 
Compounds such as eugenol, isoeugenol, and vanillin form 
only small amounts of sulphur compounds at pH 7. At 160° 
sodium hydrosulfide gave amorphous substances. Vanillil 
alcohol reacts with hydrogen sulphide to give a disulphide 
that resembles lignin-hydrogen sulphide compounds. Benzyl] 
alcohol and benzyl alcohol ethers activated by a paraphenolic 
hydroxyl or orthohydroxyl react with hydrogen sulphide. 
Ether linkages are split by sodium hydrosulphide. <A shift 
takes place and creates a new carbon-to-carbon bond. 

Wacek, Kratzl, and co-workers have carried out numerous 
researches with model compounds having 3 carbons in the 
side chains (402-413). They found that parahydroxy phenyl 
ethyl ketones sulphonated in the alpha and beta position to 
carbonyl group. A carbonyl group in conjugation with a 
double bond is readily sulfonated. Ketols in 1,3 position 
on a side chain react. In 1,2 position they do not. There 
is little oxidation by nitrobenzene if a carbonyl group is in the 
beta position; if in alpha position, it reacts. A parahydroxy 
group Increases reaction. Compounds containing the reversi- 
ble aldol-type grouping split to give aldehydes. Model 
compounds with labeled carbon were synthesized and gave 
the same reactions as other lignin model compounds. They 
offer a further means of lignin study. 


Freudenberg and co-workers have also carried on experi- 
ments with lignin model compounds (414-417). Compounds 
with hydroxy groups on a beta carbon on the 3 carbon 
side chain give formaldehyde when heated with alkali or 
mineral acids. Ligninlike polymers have been made from 
d-l-pinoresinol and conifery] alcohols. Several derivatives 
of the polymers have been made, indicating a relationship to 
lignin. 

Pearl (418-420) studied the reactions of vanillin and com- 
pounds related to vanillin to determine the types of deriva- 
tives that may be produced and the manner in which they 
are related to lignin. Zentner (42/) subjected several model 
compounds, including propiovanillone and 2,4-dehydroxy-3- 
methyl chalcone, to the action of sodium hydrosulphide for 
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4 to 5 hr. at 160°C. Only the compounds with hydroxyls 
reacted to give sulphur derivatives. A small amount of 
demethylation occurred. Pew (422, 423) studied the color 
reactions of several model compounds and found that some 
derivatives of flavanones and coniferyl aldehyde gave the 
same color as native lignin. 


STRUCTURE OF LIGNIN 


Many proposals have been made for a structure for lignin. 
Most of these proposals are lacking in some respect. Lignin 
readily undergoes polymerization and condensation in the 
presence of most of the reagents used for its isolation and, 
therefore, there is no certainty that the material studied is the 
same as that in wood. Studies on lignin in whole wood sub- 
stance are limited because of the masking action of other 
wood constituents. 

On the basis of a study of the residual substance from the 
chlorite decomposition of wood, a carbohydrate guaiacyl 
complex structure has been proposed (424). Freudenberg 
and co-workers (425-429) carried out extensive work to deter- 
mine \the various reactive groups in lignin and concluded 
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lignin 1s a polymer of coniferyl alcohol; and for each Co 
in spruce there are 0.34 primary hydroxyl groups, 0.34 
secondary hydroxyl groups, 0.26 phenolic hydroxyl groups, 
and 1.49 oxygens not in methoxyl or hydroxyl groups; 0.64 
of these hydroxyl groups are phenolic ether groupings. Richt- 
zenhain (430, 431) oxidized methylated wood and methylated 
lignin, obtaining aromatic compounds, some of which indi- 
cated condensation in 5 position and others in 6 position. 
This indicates that lignin is aromatic and condensed in the 5 
and 6 positions. He contends that the splitting of ether rings 
does not play a part in the reaction with bisulphite, thio- 
glycolic acid or aleoholic-hydrochloric acid solutions. 

In many cases with aromatic compounds it is possible to 
increase the phenolic character of compounds by chlorination. 
Sohn (432) found the phenolic character of lignin was not 
increased by chlorination. Freudenberg has proposed conif- 
eryl aldehyde as the source material for lignin, but Adler 
and Haggroth (433) believe some phenyl propane derivative 
other than coniferyl aldehyde is responsible for part of the 
vanillin and acetaldehyde formed from lignin on the bas's 
of their study of the alkali treatment of lignin. A structure 
for lignin with alpha glyco groups has been proposed. Lind- 
gren and Saeden (434) subjected lignin to periodate oxidation 
but obtained no evidence of formaldehyde which should 
result from a glyco oxidation. The ultraviolet absorption 
of several model compounds has been compared with lignin; 
these give evidence for an aromatic structure and also evi- 
dence for the number of aromatic groups in lignin (434). 

Leopold (436) recently reviewed work on lignin chemistry 
and believes a guaiacyl structure for softwood lignin has been 
confirmed. Guaiacyl groups are connected by ether or 
carbon-to-carbon linkages and all or most all of the reactive 
groups consist of alpha hydroxy or ether groups in the side 
chain activated by phenolic parahydroxy groups. Schutz, 
Sarten, and Meyer (437), however, do not believe that iso- 
lated lignin can be used to interpret structure because of 
changes occurring in isolation. 

A study of model compounds has lead Kratzl (438) to 
believe that the formaldehyde and acetaldehyde obtained in 
the alkaline cleavage of lignosulphonic acid originates from 
side chains of aromatic compounds. Sorgato and Scipioni 
(439) determined the various functional groups in lignin and 
considered their relationship to structure. Kleinert (440) 
found that previous oxidation with hydrogen peroxide pre- 
vented or lessened formaldehyde formation in the alkali 
cleavage of lignosulphonic acid. Oxidation (441) of birch- 
wood with hydrogen peroxide affected the copper number, 
but did not affect it on pine. 


Several investigators have been interested in the methoxy] 
of wood and lignin and its relationship to structure. Wacek 
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and co-workers (442, 443) studied the methoxyl content of 
wood and conclude that only 85% of the methoxyl is con- 
tained in isolated lignin and that a part of the remainder may 
be contained in a soluble lignin. Migita and Nakano (444) 
found that the methoxyl of lignin showed the reactivity of 
aromatic methoxyl. Analysis of bamboo shoots (444) at 
various ages indicate that methoxy groups increase and free 
phenolic groups increase with greater lignification. Work on 
other bio-methylation processes indicate methylation of lignin 
may occur by transmethylation (446). Merewether (447) 


_found the methoxyl content of isolated thiolignin higher if the 


wood was previously extracted with alkali. 


Search for other groups in lignin has shown the presence 
of isobutyl groups (448). On the basis of extractives it may 
be expected that a safrole may be incorporated in lignin of 
sassafras, but the lignin did not yield piperonyl derivatives 
(449). A polyflavanone structure has been proposed for 
lignin (450). Russel (451, 452) polymerized vanillin-mono- 
acetate to obtain a polymer that he considered identical with 
sprucewood lignin. The intermediate (453) of this synthesis 
was shown later to have a different structure than that pro- 
posed, which was not related to lignin. Goldschmid and 
Maranville (454, 455) found one phenolic group in 2.1 to 
4.3 Cy lignin units in various lignin products by an ultra- 
violet method based on the shift in color as compared with 
eugenol and conedendrin. Kurschner (456) used a nitration 
method and concluded that spruce contains only 8.5% aro- 
matic lignin. He contends lignin in excess of this amount 
obtained by use of acid or alkali is formed from carbohydrates 
during the isolation process. 


BIOSYNTHESIS OF LIGNINLIKE SUBSTANCES 


Polymerization of substituted phenolic compounds to 
amorphous products in the presence of mushroom dehydro- 
genase has been known for many years (457). In a study of 
possible synthesis of lignin in the spruce tree, Hibbert and 
co-workers (458) hydrogenated 2 to 3-week-old spruce buds 
but did not obtain propyleyclohexanols; however, 31/2 to 4- 
month-old tips did yield propyleyclohexanols. They con- 
cluded lignin must be formed by some type of polymerization 
later in the age of the tree. 

Freudenberg and Richtzenhain (459) calculated a lignin 
formula on the basis of guaiacy] derivatives and assumed that 
the loss of phenolic hydroxyl must be due to condensation 
by dehydrogenation. Dehydrogenation polymerization of 
5-methoxyl-pyrogallol-1,3-dimethyl ether occurs when oxygen 
is passed through a solution of the compound in the presence 
of mushroom extract (460). In the presence of mushroom 
extract and air guaiacyl and syringy] compounds polymerize 
(461). At pH 8 polymerization of phenolic compounds in the 
presence of mushroom extract to an amorphous polymer was 
rapid (462). 

In 1948, Manskaya (463, 464) published the discovery of a 
peroxidase in the cambial layer of conifers that caused 
polymerization of phenolic compounds. He found that 
coniferyl alcohol and vanillin were present in the cambial 
layer. Nord (465) observed that a methyl-paramethoxy 
cinnamate was formed from glucose and xylose by Lentinus 
lepideus and postulated its relationship to lignin and to the | 
possibility of polymerization to lignin. Freudenberg (466- 
468) continued work on the dehydrogenation polymers of 
coniferyl aleohol which formed an amorphous polymer that 
reacted much as spruce lignin. Coniferin in the presence of 
emulsion (to hydrolyze the glucose group) gave.a similar 
polymer by dehydrogenation polymerization (469). Methyl- 
ated spruce lignin isolated by formic acid and the methylated 
polymer of coniferyl alcohol had similar ultraviolet absorption 
curves (470). Carbon content was also similar, but methoxyl 
and hydroxyl content differed. Sinapyl and coniferyl alcohol 
formed copolymers by dehydrogenation in the presence of 
mushroom extract (471, 472). Coniferyl methyl ether also 
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polymerized (473) and was subjected to many lignin reactions. 
A localized betaglucosidase was found in the cambium that 
can free coniferyl alcohol so that it can react in the presence 
of wood peroxidase to form polymers (474, 474). 

Coniferyl alcohol and 3,4-dihydroxy cinnamyl alcohol 
form copolymers that have ligninlike properties. Such a 
polymer may account for the low methoxyl in lignin (476). 
Dehydrogenation polymers containing C™ have been syn- 
thesized (477-479). Formaldehyde formed by cleavage 
of the product was radioactive, indicating it came from the 
primary (COH) grouping. Isohemipinic from the product 
is inactive and metahemipinic is one-third active. Radio- 
active coniferin placed in the cambium of a tree was con- 
verted to lignin containing the entire activity (480). Pino- 
resinol has been isolated as a product formed by dehydro- 
genation polymerization of coniferyl aleohol. On further 
treatment pinoresinol forms an amorphous ligninlike product 
(481). 

Baruah and Swain (482) formed an amorphous polymer 
from catechol in the presence of mushroom enzyme. Eugenol 
and hydrogen peroxide catalyzed by peroxidase formed a 
ligninike amorphous polymer (483). When wheat seedlings 
(484) were exposed to radioactive carbon dioxide, both cellu- 
Jose and lignin contained C4. Wacek, Hartel, and Maralla 
(485) added coniferin to spruce tissue culture in vitro but 
could not conclude that coniferin was converted to lignin. 
Formic acid and the methyl group of methionine with C' 
were transferred in growing plants to methoxyl groups of 
lignin. The rate of transfer from methionine was 26 times 
faster than the rate from formic acid, indicating that methyla- 
tion of lignin may be by way of methionine (486). 


UTILIZATION OF LIGNIN 


Many writers have reviewed the uses of lignin (487-495) 
for such things as tanning agents, core binders, rubber com- 
pounding agents, surface-active agents, for production of 
chemicals, plastics, water conditioners, for storage batteries, 
soil improvement, oil drilling, and protein precipitants. 
Pritchard and Daily (496) described the use of lignin in 
storage batteries. Lignin may be used as a soil-stabilizing 
agent in road building (497, 498). Soluble lignin or insoluble 
lignin after being made soluble by the action of alkali and an 
oxidizing agent may be coprecipitated with rubber to provide 
reinforcing properties (499-506). Lignin and lignin deriva- 
tives have been tested, not too successfully, for plastics (407— 
511). Lignin has cation bonding value that make it useful 
for water purification. The property can be increased by 
condensation with various amines (5/2, 513). Lignin and 
composted sawdust have soil-building value (514-417). 
Lignosulphonic acid and its derivatives are suitable surface- 
active agents for producing emulsions (418-522). Protein 
may be precipitated from solution by treatment with lignin 
(523, 524). 

Lignin under water and protected from air is very resistant 
to decomposition (525). Exposure to air increases rate of 
decomposition and the rate is increased further by the pres- 
ence of algae (526). Heating of lignin with various solvents 
increases its activity (527). 

Lignin is a source of many fine chemicals, including vanillin, 
that may be used for the preparation of many other chemicals. 
Substituted amines and ureas may be made from vanillin 
(528). Several derivatives were made from vanillil (629) 
and vanillin (530). Some of these have medicinal value 
(531). Vanillin may be removed from solutions from the 

alkaline hydrolysis of sulphite spent liquor containing as little 
as 0.2% vanillin by the use of an anion Welinnaee resin at pH 7 
(532). Vanillin may be extracted from alkaline lgnin- 
containing liquors without acidification by tertiary butyl 
aleohol (533). Pearl (534) obtained vanillic acid in high 
yield from calcium lignosulphonate by oxidation with silver 
oxide in the presence of sodium hydroxide. The Ontario 
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Paper Co. (535) has developed a process for producing vanillin 
from sulphite spent liquor using lime instead of sodium hy- 
droxide. The vanillin and other oxidation products are 
extracted by toluene. Vanillin is removed from the toluene 
by caustic and distilled to give a product with 97% vanillin. 
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Progress in the Production of Refined Cellulose 


EDWIN C. JAHN 


Tuer production of dissolving pulps and special 
alpha pulps from wood has increased from about 300,- 
000 tons in 1940 to about 700,000 tons in 1952 and 
1953. Additional capacity of about 300,000 tons has 
come into production this year. Furthermore, there 
are imports amounting to around 200,000 tons, so that, 
the total consumption is in the neighborhood of 1!/, 
million tons. Rayon and the cellulose derivatives have 
shown impressive increases in production over the past 
three decades. Among the newer products which have 
made outstanding growth are staple fiber, acetate fila- 
ment, mixed ester products, and acetate film. 

Wood cellulose is now the principal raw material for 
cellulose derivatives. Nearly all viscose rayon is made 
from wood pulp. The second source of cellulose for 
cellulose derivatives is cotton linters (chemical cotton). 
Cotton linters find preferred use in certain products 
such as cellulose acetate for plastics or high-tenacity 
rayon. For other applications cellulose acetate is more 
often made from wood cellulose. 

Wood, as a source of cellulose, offers many economic 
advantages over cotton or other annual plants. Great- 
est of these is its compactness or yield of cellulose per 
unit volume of space, resulting in (1) much greater 
yields per acre, (2) simpler transportation, (3) simpler 
storage problems, (4) year-round supply, and (5) re- 
duced labor. However, wood is a very heterogeneous 
substance chemically compared to cotton, which is 
mainly cellulose. Isolation of a suitable cellulose for 
chemical conversion from wood required, first, a care- 
fully controlled pulping process to remove most of the 
lignin and a portion of the hemicelluloses, and second, 
a refining process consisting of multiple-stage bleaching 
and alkali extraction, to remove the remaining lignin, 
coloring substances, and more of the lower molecular 
weight polysaccharides. 


Epwin C. Jann, State University of New York College of Forestry, Syracuse, 
ING Ye 
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Until recent years dissolving pulps have been made 
exclusively by the sulphite process from coniferous 
trees, mainly spruce and fir, because of the low pentosan 
and high alpha-cellulose contents and easy bleaching 
of such pulps. Today, a much broader range of wood 
species is used and both the sulphite and the sulphate 
pulping processes are used. The major recent trends 
in the production of refined cellulose are in (1) species 
used, (2) pulping methods, and (3) pulp purification. 


WOOD SPECIES AND THE SULPHITE PROCESS 


The development of good pulps from other wood 
species has gone hand in hand with improvements and 
modifications in pulping processes. In the United 
States, the supply of spruce and fir has greatly dwindled, 
and this has stimulated investigations for producing 
suitable pulps from other wood supplies. 

It should be borne in mind that the pulping process 
only constitutes the initial step in the production of 
high quality pulps and that it must be coordinated with 
the purification processes that follow. The sulphite 
process plus modifications in pulp purification have not 
been too difficult to apply to certain other coniferous 
species, the more important of which are westerm hem- 
lock, Douglas-fir, and southern pines. In the case of 
the southern pines, the problem is to produce a resin- 
free pulp. This is done by using young growth trees, 
prior to their formation of resinous heartwood, and by 
screening out the epithelial resin-bearing cells which 
are present. 

An important contribution to overcoming difficulties 
in the sulphite pulping of certain coniferous woods, es- 
pecially the heartwood of several of the pines, has been 
made by Hagglund (7) and his co-workers and by 
Erdtman (2). Hagglund found that there are inhibitors 
present in the extractable constituents of these species. 
These were found by Erdtman to be 3,5-dihydroxytrans- 
stilbene (pinosylvin) and its monomethyl ether. 
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When woods containing pinosylvin or other reactive 
phenols are heated with normal sulphite cooking acid, 
two reactions take place with the lignin, sulphonation 
and condensation with the phenol. The latter takes 
place at a much higher rate than the sulphonation in a 
strongly acid cooking liquor. This condensation gives 
rise to large insoluble three-dimensional complexes. 
A way around this difficulty can be obtained by apply- 
ing the two-step procedure invented by Graham in 
1882 (3). In the first step the wood is impregnated by 
a neutral sulphite cooking liquor, during which sulpho- 
nation takes place at a much higher rate than condensa- 
tion. In the second step, the partially sulphonated 
wood is heated with normal sulphite cooking acid, dur- 
ing which sulphonation is completed followed by de- 
lignification. Some condensation also occurs, but the 
product is soluble because of the high degree of sulpho- 
nation. 

Douglas-fir wood is difficult to pulp by the conven- 
tional calcium-base sulphite cook. Pew (4) isolated a 
phenol, dihydroquercetin (toxifolin) from the heart- 
wood. This compound appeared to have some inhibit- 
ing power, though other factors also appear to con- 
tribute to the sulphite pulping resistance of this species, 
since the resistance is largely dependent upon the base 
used in the cooking liquors. Soda-base liquors facili- 
tate the pulping (5) of Douglas-fir. Hoge (6), in a 
recent study of this problem, confirms the theory that 
dihydroquercetin is a mild pulping inhibitor, causing 
the lignin content and permanganate number of the 
pulp to increase. However, he showed that the inhibi- 
tion was not due primarily to the formation of lignin 
condensation product, since longer cooking times re- 
moved more of the lignin, 7.e., the residual lignin can be 
further sulphonated. Hoge found that most of the di- 
hydroquercetin reacts with the bisulphite to form quer- 
cetin and thiosulphate. Thiosulphate promotes the 
decomposition of bisulphite, though in the early part of 
the cook the wood reduces the concentration of thio- 
sulphate, so that the effect is negligible. Both dihy- 
droquercetin and quercetin are only mild pulping in- 
hibitors. However, their presence in pulps causes a 
yellow color, a high permanganate number, and changes 
the ultraviolet curves from lignin filtrates. According 
to Hoge, the principal difficulty in pulping Douglas-fir 
is the slow rate of lignin removal which allows the bi- 
sulphite decomposition (proceeding at a normal rate) 
to attain serious proportions before delignification is 
completed. This decomposition occurs mainly toward 
the end of the cook, forming sulphuric acid which pre- 
cipitates calcium sulphate, reducing the available base 
before the end of the cook. The use of soluble-base 
liquors largely avoids these difficulties, since the base 
is not precipitated and remains available for the com- 
pletion of the pulping reaction. 

Additional data have been obtained by Richter and 
Pancoast, Jr. (7) demonstrating the different behavior of 
wood species to sulphonation. Long sulphonation 
periods with 10% SO. at room temperature show white 
birch to sulphonate more slowly than conifers. When 
this presulphonation (2 weeks) is followed by a diges- 
- tion at 120°C. for 8 hr., the results shown in Table I 
» were obtained: 

Refined pulps for chemical conversion are now being 
made from hardwoods in increasing amounts. It is 
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Table I 

Original 
lignin 

Yield, Lignin removed, 

Species % % % 

Hastern spruce 44.2 I .@ 97.6 
Western hemlock 46.5 1.4 97.9 
White birch 43.4 34 94.1 
Southern pine 45.2 Si 87.6 
Douglas-fir 49.7 23.8 64.7 


reported that viscose-grade pulps are being made from 
northern hardwoods by the sulphite process in this 
country and Canada, from birch in Sweden, from beech 
in Germany, and an acetylation grade sulphite from 
aspen in Sweden. 

A recent study (8) has been made of dissolving pulps 
from aspen by both the sulphite and sulphate processes 
at the U. S. Forest Products Laboratory. For the 
sulphite process, an ammonia-base cooking liquor, rela- 
tively low in combined sulphur dioxide to facilitate 
hydrolysis of the hemicelluloses was used (see Table IT). 
The pulp purified by hot alkaline extraction fnade a 
satisfactory acetate yarn. 

An interesting development in Finland is a eee 
pulping process (9) suitable for the production of both 
paper and high alpha pulps. The first stage involves 
cooking with a sodium-base liquor containing high free 
sulphur dioxide (pH around 3) followed by the second 
stage which involves the injection of sodium carbonate 
solution under pressure into the digester until the liquor 
is about pH 8. The temperature is elevated to take 
advantage of the kinetics of the alkaline delignification 
reaction. 


WOOD SPECIES AND THE SULPHATE PROCESS 


The alkaline processes and their modifications lend 
themselves more easily than the sulphite process to a 
wider range of wood species. It is reported that, be- 
sides spruces, firs, hemlock, and several pines, various 
hardwoods including gums, chestnut, beech, and birch 
are made into chemical conversion pulps by alkaline 
pulping processes in North America and Europe. 

Probably the single most important development 
(10-16) during the past 25 years in pulping woods for 
dissolving grade pulps is the prehydrolysis step followed 
by kraft pulping. Ordinary kraft pulps, especially 
from hardwoods, produce viscose solutions difficult to 
filter (12) and hazy acetate syrups (17). By subject- 
ing wood chips to a mild acid prehydrolysis, good 
viscose or acetate pulps may be prepared from a wide 
range of woods by the kraft process. By this method, 
high pentosan containing materials may be successfully 
used, such as the northern hardwoods, gums, bamboo 
(18, 19), eucalyptus (20), aspen (8), and others. 

In the recent studies of aspen by the U. S. Forest 
Laboratory (8), the wood was prehydrolyzed by water 
at 170°C., followed by a kraft cook. Total pulping 
time was 2!'/, hr. (11/2 hr. at 170°C.). The yield and 
properties of the pulps, before and after purification 
and compared to ammonia-base sulphite pulps from 
aspen are shown in Table IT. 

The aspen pulps prepared by the prehydrolysis- 
kraft process produced a satisfactory rayon tire cord 
yarn and an acetate yarn as strong as from commercial 
softwood sulphite acetylation grade pulps. The filter- 
ability of the viscose solution is sensitive to the amount 
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Table II 


Pen- } is 
Yield, Alpha, losans, cosity, 
% To % cp. 
Prehydrolysis-Kraft 
Unbleached pulp 42 92 2.8 37.6 
Purified by cold alkaline 
extraction 38.2 97.3 2.0 18.4 
Purified by hot alkaline 
extraction and NaOCl 37.6 94.7 2.2 12.5 
Purified by hot alkaline 
extraction and ClO, BSH «Of 95.5 2.5 16.3 
Ammonia-Base Sulphite 
Unbleached pulp Hil 87 Deal 37.4 
Purified by cold alkaline 
extraction 44.4 96.3 0.3 22.0 
Purified by hot alkaline 
1 30.0 


extraction Bil 94.4 


of carbon disulphide used in xanthating. This appears 
to depend upon the degree of prehydrolysis (2/) and if 
the latter is insufficient, more carbon disulphide is re- 
quired "to obtain suitable filterability. Furthermore, 
there is a rélationship between acetate haze character- 
isti¢s and the pentosan content of the pulp. This re- 
lationship has also been previously noted by McKinney 
(17) and has been further supported by the recent work 
of Bradway (22). 


PULP PURIFICATION 


The purification of the pulp in a continuation of the 
process started in the pulping digester. Each depends 
upon the other, and to make continuously a good qual- 
ity of pulp, all the steps must be under integrated con- 
trol. In fact, the operation does not stop here, but the 
control of the chemical conversion processes is depend- 
ent upon the quality of the pulp and, vice versa, the 
desired properties of the end product dictate the opera- 
tions all the way back to the wood. 

The cooking operation should be so carried out that 
the maximum removal of noncellulose components 
takes place in this operation with a carefully controlled 
“degradation” of the cellulose (with respect to average 
p.p.). The purification stages are designed to com- 
plete the job. Modern pulp purification is usually a 
three or four-stage treatment, involving chlorination, 
alkaline extraction, sodium hypochlorite bleaching, 
and/or a final chlorine dioxide treatment. Sometimes, 
in certain grades of sulphite pulps the hypochlorite 
stage is omitted. For a mill of average size (200 tons) 
each purification stage represents a capital investment 
of $250,000 to $300,000. 

The chlorination stage converts remaining lignin and 
other minor amounts of colored residues into products 
that may be dissolved out by washing and alkaline 
extraction. The principal objective of alkaline extrac- 
tion is to remove short chain polysaccharides, including 
as much of the remaining noncellulose compounds as 
possible and to leave the cellulose fiber in a good “re- 
active” state for the conversion reactions. Present 
day practice is mainly toward hot alkaline extraction, 
which results in better diffusion of the alkali-soluble 
products from the fiber. Also, economics favors the 
hot over the cold alkaline treatment. 

The final one or two bleaching stages improve the 
color and remove final impurities. The sodium hypo- 
chlorite stage is carefully controlled by buffering to 
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hold degradative oxidation of the fiber to a minimum. 
It is the most sensitive step with respect to bringing 
about changes in chain length, the drop in viscosity 
here being anvil ereater than in any of the other stages. 
As is well known, a properly controlled chlorine dioxide 
treatment is very mild and brings about little change 
in viscosity (molecular size). 


CHEMISTRY OF THE FIBER 


The continued improvement in the techniques of pro- 
ducing refined pulps owes much to the patient accumu- 
lation of fundamental knowledge of the physics, chem- 
istry, and morphology of the fiber. The understanding 
of the crystalline and amorphous regions of the fiber, 
the polymolecularity of cellulose and how it is affected 
by various treatment, the reactivity of cellulose and 
the types and mechanisms of cellulose reactions, the 
nature of the chemical components of the wood fiber, 
and the careful development of suitable techniques for 
evaluation and analysis all provide the fund of knowl- 
edge from which technology develops. 

The excellent work of Wise (23, 24) and his associates 
over the past few years on the chemistry of the polysac- 
charide components of the fiber contributes much to a 
better understanding of the problems in the production 
of refined pulps. The difficulty in establishing a sharp 
line of demarcation between ‘‘true’’ wood cellulose and 
the more insoluble hemicellulose is explored by them. 
This is a problem of direct concern to the producers 
and consumers of refined pulps since these pulps always 
contain varying amounts of the difficultly removable 
hemicelluloses, such as mannan and xylan. As has 
been mentioned earlier, the presence of these hemicellu- 
loses in the pulp appears to decrease the filterability of 
viscose and to increase the turbidity of acetate solutions. 

Recently, Bradway (22), a student of Wise, isolated 
the haze from both wood pulp and cotton linter ace- 
tates. The haze from a commercial acetate consisted 
of fiber fragments and amorphous material, probably 
due to incomplete acetylation in certain regions. A 
careful study of an experimental acetate haze showed 
that removal of the haze also completely removed all 
the mannan and xylan originally in the acetate, and 
hence mannan and xylan appear to contribute to the 
haze, either directly or indirectly. In the latter case, a 
possible shielding of a portion of the cellulose from reac- 
tion is suggested. 

Recent studies (25, 26) on birch holocellulose and its 
acetates show that direct acetylation of the holocellu- 
lose gave a very turbid solution (av. p.p. 193), acetyla- 
tion of holocellulose after extraction by hot water gave 
a less turbid solution (av. p.p. 230) and holocellulose 
extracted by both hot water and 5% NaOH solution 
gave a clear acetate solution (av. p.p. 281). 

However, the separated hemicelluloses can be readily 
acetylated. The hot water soluble hemicellulose was 
acetylated by acetic anhydride in pyridine after swell- 
ing in 90% formamide (resulting in very little degrada- 
hoa and fractionated from chloroform solution. This 
hemicellulose showed a high degree of heterogeneity and 
a two- -colony effect distribution curve. It was sepa- 
rated into nine fractions ranging in “apparent” average 
D.P. from 21 to 141. The two lowest molecular weight 
fractions have high (17 to 20%) uronic acid content, 
exhibit polyelectrolyte character, and have no film- 
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forming properties. With increasing molecular weight 
there is decrease in content of uronic acids, arabinose, 
and galactose and a steady increase in xylose content 
(from 26 to 52%). 

The acetylated 5% NaOH extractable hemicellulose 
gave, upon fractionation, a normal polymolecularity 
curve, indicating a greater regularity in structure and 
composition. Eight fractions were obtained ranging 
in “apparent” average p.p. from 81 to 246, and in 
xylose content from 67 to 84.5%, the xylose content ris- 
ing with increased molecular weight. 

Degradative acetylation of the holocellulose by a 
commercial method gave a product which was frac- 
tionated into nine fractions ranging in ‘‘apparent”’ aver- 
age D.P. from 66 to 370. All fractions contained only 
glucose, xylose, mannose, and glucuronic acid (arabi- 
nose, galactose, rhamnose, and galacturonic acid were 
lost in the degradative acetylation). With increasing 
molecular weight, the glucose content of the fractions 
increased from 53 to 85.3%. 

However, the role of xylan and mannan in relation 
to cellulose acetate properties is not yet clearly defined. 
This is further indicated in a recent study by Steinmann 
and White (27) of the cause of very high viscosities of 
concentrated acetate solutions. They found a correla- 
tion between viscosity on the one hand, and gamma- 
cellulose, pentosan, and mannan content on the other. 
The acetylation process appears, however, to reduce 
the pentosan content but is considerably less effective 
in removing mannan, indicating that the mannan may 
cause anomalous viscosity behavior. 

The possible shielding effect of hemicelluloses al- 
ready previously referred to is further indicated in the 
chemical microscopy studies of Haas and co-workers 
(28). Their work indicates that in holocellulose, the 
hemicelluloses are concentrated in the outer layer of the 
fiber. When holocellulose is xanthated, this layer re- 
acts very quickly but remains intact and does not swell. 
The protected parts of the inner cellulose layers, there- 
fore, are protected from rapid xanthation and hence, 
they are only slightly xanthated and remain undissolved. 

This helps explain the importance and necessity of 
uniformity in production of refined pulps. If woods of 
different moisture content are cooked, the differences 
in the impregnation of the chips will produce a non- 
uniform pulp having poor filtering properties, due to 
the fact that on xanthation some parts will be under- 
xanthated and others over-xanthated. Modern de- 
velopments in pulp manufacture are designed to achieve 
uniformity of pulp qualities not only in each cook but 
from day to day. This is done by proper circulation 
of the cooking liquor and the use of recording and con- 
trolling instruments. 

The removal of the hemicelluloses depends upon the 
fact that they are hydrolyzed much faster than cellu- 
lose, about 1500 times as fast according to Schulz and 
Husemann (29) and upon their greater solubility in 
alkali. A proper degree of hydrolytic degradation 
must, therefore, be achieved in sulphite pulping and in 
the prehydrolysis stage prior to kraft pulping. This 
must be in balance with the bleaching and alkaline 


) purification stages. 


Another important characteristic of dissolving pulps 
is its viscosity, which depends upon average molecular 
‘size (pD.P.). However, pulps of the same average D.P. 
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may differ widely in their molecular weight distribu- 
tion. Much attention has been given this character- 
istic. It is generally agreed that too much short chain 
material is undesirable because of its solubility in alkali, 
poor film characteristics, and low strength properties. 
Too much very long chain material may cause spinning 
and filtering difficulties. The relation between poly- 
molecularity of the pulp and the properties of viscose 
rayon has been the subject of considerable attention, 
and certain correlations have been pointed out (30, 31, 
32). However, Haas, Battenberg, and Teves (28) 
point out that the properties of the product depend 
upon the molecular weight characteristics of the final 
product, such as rayon fiber, and that the molecular 
weight distribution of the pulp is important only if it 
influences the distribution ultimately reached. They 
poimt out that in the viscose process the aging of the 
alkali cellulose removes most. differences in molecular 
weight distribution. It is apparent that the question 
of the relation of the polymolecularity of the pulp to 
the properties of the product awaits further clarification. 
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Want “stand out” packaging? TITANOX white 
pigments add beauty, visibility, contrast and 
recognition to any package. For these 
brightest of white pigments provide a clean, 
sparkling background against which printed 
messages or illustrations are highly effective. 


But for “‘stand out” packaging, be sure you 
use stock pigmented with “stand out” white 
pigments—TITANOX. For only TITANOX 
assures you of consistently fine results and 
uniform high quality in white coatings. 
Titanium Pigment Corporation, 111 Broadway, 
New York 6, N. Y.; Atlanta 2; Boston 6; 
Chicago 3; Cleveland 15; Houston 2; 

Los Angeles 22; Philadelphia 3; Pittsburgh 12; 
Portland 14, Ore.; San Francisco 7. 

In Canada: Canadian Titanium Pigments 
Limited, Montreal 2; Toronto 1. 
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Before you sign 


your new contract 


for caustic soda 


Right now is the time—before you make your 
new contract commitments—to carefully review 
the form of Caustic Soda you plan to buy. 
You may be able to realize savings, for ex- 
ample, by converting to 50% Liquid Caustic— 
IF you buy solid caustic and your transporta- 
tion charge is less than $1.18 per 100 lbs., or 


IF you buy flake caustic and your transporta- 
tion charge is less than $1.62 per 100 lbs. 


On the other hand, a number of 50% Caustic 
Soda users, depending upon volume consumed 
and location, have found it highly profitable 
to switch to 73% concentration. 

Changes in your operations may affect the 
most economical form of caustic for you. What 
has been assumed for years to be right may 
not be the best for you today. Only an up-to- 
date analysis can tell. So before you make 
your new commitments, consult Columbia- 


Southern’s Technical Service Department. A 
staff member will be assigned to help you 
determine the most advantageous form of 
caustic soda you should buy. 

Write, wire or telephone our Pittsburgh 
office today. 
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CHEMICAL CORPORATION 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY 
ONE GATEWAY CENTER: PITTSBURGH 22+ PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati ¢ Charlotte 
Chicago e Cleveland e Boston # New York 
St. Louis ¢ Minneapolis ¢ New Orleans ¢ Dallas 
Houston ¢ Pittsburgh e Philadelphia 
San Francisco 
IN CANADA: Standard Chemical Limited and its 
Commercial Chemicals Division 


